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ABSTRACT 


| À few hitherto unreported fossil plants from 
the Jabalpur series are described here. They are 
Bucklandia sp., ? Baiera sp., Contferocaulon vaj- 
mahalense Gupta, stems with longitudinal ridges 
and grooves and an axis with spindle-shaped scars. 


INTRODUCTION 


T HE collection on which the present 
| I work is based was made in March 
1957 from two different localities in 

Narsinghpur district. They are: 

1. Sher river, near the village Sehora, 
about 4 miles east of Bachai Rest House. 

2. Macharewa river, near Marhpiparia, 
about 44 miles south-east-south of Bachai 
Rest House. 


DESCRIPTION 
Cycadophyta 


Bucklandia sp. 
Pl. 1, Fig. 3 


The specimen consists of a portion of a 
decorticated stem having only six leaf-bases. 
Ihe leaf-bases are oval or rhomboidal in 
shape. Scar of the fallen leaf is seen at the 
top of some of the leaf-bases and in some of 
hese leaf-trace bundles can be seen. The 
naximum number of leaf-trace bundles 
counted is 7. In the number and arrange- 
nent of the bundles the present specimen 
nay be compared with Bucklandia indica 
seward (1917) and B. sahnii Bose (1953). 

Locality — Mächärewa river, near Marh- 
Jiparia 

Collection — Specimen No. 29542 of the 
3irbal Sahni Institute of Palaeobotany 
Wuseum. 


A Cycadean leaf-base 
12010 al, Ins, il, 2 


A single detached leaf-base was collected. 
-0 the rhomboidal leaf-base is also attach- 
d a portion of the petiole. Leaf-trace 
undles are not preserved. 
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SOME FRAGMENTARY PLANT FOSSILS FROM 
NARSINGHPUR DISTRICT, MADHYA PRADESH, INDIA 


M. N. BOSE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


Locality — Mächärewa river, near Marh- 
piparia. 

Collection — Specimen No. 29502 of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


Ginkgoales 


Genus Baiera Braun 


? Baïera sp. 
Pl. 1, Fig. 4 


The only specimen found in the collection 
is incomplete both at the base and the apex. 
The lamina as a whole is wedge-shaped and 
deeply lobed. It is divided into two primary 
segments by a deep incision nearly reaching 
the base. These are in turn divided into six 
secondary segments, each one of which seems 
to be further incised. Veins are not pre- 
served. 

The specimen is too imperfectly preserved 
for generic and specific determination. It 
is only provisionally placed under Baiera. 

Ginkgo lobata described by Feistmantel 
(1877) from Sher river differs from the pre- 
sent specimen in having much less segments. 
The other specimen Ginkgo sp. described from 
Bansa, South Rewa Gondwana basin, by 
Feistmantel (1882) is without any segment. 

Locality — Sher river, near Sehora. 

Collection — Specimen No. 28950 of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


Coniferales 
Genus Coniferocaulon Fliche 
Coniferocaulon rajmahalense Gupta 
Pl. 1, Figs. 9, 10 


The stems are fairly well preserved and 
are in the form of impressions and incrusta- 
tions, measuring 35-85 cm. in breadth. 
The surface is marked with irregularly run- 
ning transverse grooves, some of the grooves 
having slight elliptical protuberances or 
depressions. 
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The specimens resemble, in external 
features, Coniferocauion sp. described by 
Bancroft (1913) and Sahni (1931) from the 
Rajmahal Hills, Bihar, and C. rajmahalense 
Gupta (1954), also from the Rajmahal Hills. 
They, however, differ from C. colymbeaeforme 
Fliche (1900) in having bigger diameter, 
larger and broader transverse grooves and 
elliptical protuberances. 

Locality — Sher river, near Sehora. 

Collection — Specimen Nos. 29073 ( PL. 1, 
Fic. 9) and 28978 (Pr. 1, Fic. 10) of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


Incertae Sedis 


Stems with longitudinal ridges and grooves 


ab, de 27788 


The collection from Marhpiparia includes a 
number of stems, showing ridges and grooves 
in the longitudinal direction. The stems are 
0:3-3:2 cm. broad and are of various sizes, 
breadth of the grooves and ridges varying 
according to the diameter of the stem. As 
the stems are not differentiated into nodal 
and internodal regions, their idenification 
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EXPLANATION OF PLATE 1 


1. À detached cycadean leaf-base. No. 29502. 
Sk 

2. The above magnified. x 2. 

3. Bucklandia sp. No. 29542. x1. 


4. ? Baiera sp. No. 28950. x1. 
5. An axis with spindle-shaped scars. No. 29515. 
x1. 


6. The above magnified. x 2. 


is not possible. The present specimens may 
be compared with Equisetites (?) sp. cf. leh- 
mannianus Güppert described by Salfeld 
(107% 

Locality — Mächärewa river, near Marh- 
piparia. 

Collection — Specimen Nos. 29516 ( Pr. 1, 
Fic. 7) and 29530 (PL. 1, Fic. 8) of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


Axis with spindle-shaped scars 
Pl, igs 5.06: 


Unbranched stem, about 5 cm. long and 
0-5 cm. broad, with numerous closely set, 
narrow, elongated spindle-shaped scars. Due 
to imperfect preservation it is extremely 
difficult to determine its exact affinity. 
The scars of the present specimen resemble. 
to some extent the scars of the stem des- 
cribed by Turutanova-Ketova (1930, PL. IV, 
Fic. 28) from the Jurassic of Kara-Tau. 

Locality — Macharewa river, near = 
piparia. 

Collection — Specimen No. 29515 of the} 
Birbal Sahni Institute of Palaeobotany 
Museum. 
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THE GENUS SONNERATIA AND ITS FOSSIL ALLIES 


T. S. MAHABALE & J. V. DESHPANDE 


Botany Department, University of Poona, Poona 


ABSTRACT 


The development, morphology and structure of 
the flower, embryo, fruit and seeds in two species of 
Sonneratia, S. acida L. and S. apetala Ham. are 
given; and they are compared with the structure 
of the flower of Sahnianthus Shukla and with that 
of the fruit and seed of Enigmocarpon parijai 
Sahni, considered to be the fruit of Sahnianthus. 
The flowers of Sonneratia closely resemble in many 
gross features those of Sahnianthus and Possess 
in addition bracts and a loose tissue of floral nectary 
around the base of the ovary. The fruit wall in 
S. acida and Enigmocarpon parijai also possesses 
arenchyma and nests of sclereids. 

The fruit of S. acida dehisces irregularly as in 
Enigmocarpon and has no persistent calyx as in the 
fruit of S. apetala. The general structure of the 
fruit, placentation and vascular supply in the two 
are also more or less similar. The seeds of Enigmo- 
carpon parijai, however, are said to possess both 
hypostase and epistase. There is aclear hypostase in 
Sonneratia, but no real epistase in it, like that in 
the Malpighiaceae. The inner wall ofthe inner integu- 
ment in Sonneratia is very thin. When detached, 
it looks like a compressed hood in the micropyle in 
matured seeds. There is a conical nucellar beak on 
top of embryo sac in both the species of Sonneratia 
and is pushed up a little in the micropyle. The 
net result of compression during the further develop- 
ment of seeds is that the inner integument with its 
thin inner wall comes to lie over the nucellar beak, 
like the frayed end of a whip and gives an appéar- 
ance of an epistase lying in the micropyle. There 
is, however, no organic continuity between the two, 
and, therefore, it is not a true epistase as in Mal- 
pighiaceae. In the seed of Enigmocarpon parijai 
also, there is no continuity between the basal coni- 
cal part of the so-called epistase and the frayed 
whip-like end lying in the micropyle. It is, there- 
fore, suggested that it may also have been formed 
of two distinct components, the nucellar beak on 
the top of the embryo sac and the thin integumental 
part lying above it in the micropyle. It was fur- 
ther observed that there is hypostase in several 
members of the Lythraceae such as Ammania, 
Woodfordia and Cuphea. They do not have a real 
epistase but only a nucellar beak. 


INTRODUCTION 


IR HE genera Sonneratia, Duabanga and 
Xenodendron, formerly included in the 
family Lythraceae, are now put in a 

separate family Sonneratiaceae, as they 

differ from it in having a partial union of the 
ovary with receptacle, sub-basal or parietal 
placentation, smooth pollen grains with equa- 
torial germ pores and the presence of bast 
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bundles in the pith. The genus Sonneratia 
comprises five species, some of which are not 
much known even taxonomically. They are 
spread from tropical East Africa to India, 
Philippine Islands and North Australia. 
Duabanga has two species spread from 
Eastern Himalayas to New Guinea, in addi- 
tion to Andaman, Nicobar and Rutland 
Islands. Xenodendron, the least known of 
these three genera, is monotypic and is res- 
tricted to New Guinea. Sonneratia, on the 
other hand, is far more widely distributed. 
Its species inhabit coral terraces, shallow 
waters of calm seas as mangroves, banks of 
tidal rivers and creeks, in tropical East Africa, 
North Madagascar, Seychelles, west coast of 
India, Sunderbans, mouths of Godavari, 
Krishna, Coleroon and other rivers in India, 
Ceylon, Andamans, Mergui coast of Burma, 
Malaya, Java, Sumatra, Borneo, Celebes, 
Philippine Islands, Moluccas, New Guinea 
and North Australia. S. acida L. inhabits 
estuaries, but can also grow in localities where 
there is fresh water, occasionally inundated 
by sea-water. Thus, for example, it is said 
to be growing along the stream bed of the 
river Lepo-Lepo in Celebes. S. apetala 
Buch-Ham. grows in mangrove swamps, very 
tarely in estuaries, (Pr. कक Five 
species of this genus recognized by taxo- 
nomists, their distinctive characters, habitat 
and distribution are given in the accompany- 
ing table, and the map shows their geogra- 
phical distribution ( see also BACKER & VAN 
STEENIS, 1951 ): 

Two species of Sonneratia, S. acida L. and 
S. apetala Buch-Ham., occur in the Bombay 
Island. As the family is not much known, 
it was thought worthwhile making a detailed 
study of it with a view to throwing some light 
on such points in it as needed confirmation 
or elucidation of certain structures seen in it. 
Another reason for undertaking the present 
investigation has been the enigmatic fruit 
and the flower from the Tertiaries of the 
Deccan Intertrappean series described under 
the names Enigmocarpon and Sahnianthus 
respectively by Sahni (1943) and Shukla 
( 1944 ), supposed to be related to the mem- 
bers of Lythraceae. 
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TABLE 1 — SHOWING THE HABITAT, DISTRIBUTION AND DIAGNOSTIC FEATURES OF THE SPECIES OF 


NAME OF THE 
SPECIES 


1. S. acida L. 
(=S. caseolaria) 


HABITAT 


Mangrove swamps, espe- 
cially near estuaries 


SONNERATIA 


DISTINCTIVE FEATURES 


1) Calyx 5-8 — lobed 

2) Inner side of sepals greenish or yel- 
lowish white 

3) Calyx lobes under fruit — flat, ex- 
panded; tube — obscurely ribbed 

4) Petals dark red 

5) Filaments of stamens — lower part 
red, upper white 

6) Stigma capitate 


DISTRIBUTION 


West coast of India, deltaic forests of 


Bengal, Ceylon, Mergui coast of Burma, 
from tropical S.E. Asia to N. Australia, 
Solomon Islands. 


Madwa ), Sumatra (also Simatur and | 
Bankia), Borneo, Celebes, Philippines, 
Moluccas, Timor and New Guinea 


New Hebrides in 
Malaysia, Malay Peninsula, Java (also | 


2 S. apetala Mangrove swamps 1) Flowers 4-6 — merous 
Buch-Ham. 2) Petals absent 
3) Stigma large, fungiform 
3. S. alba J. Sm. Shallow parts of calm 1) 
seas, mouths of tidal 2) 
creeks ; prefers salt 
water; grows well on 3) 


sandy soil red 


4) Filaments white 


4. S. griffitht Mangrove swamps 1) 
Kurz. 2) 


Inner side of calyx red 

Calyx tube ribbed, segments under 
ripe fruit entirely reflexed 

Petals white or lower half tinged with 


Calyx 5-8 — lobed, smooth 
Calyx lobes under the ripe fruit—flat, 


of the rivers Godavari, Krishna, Coleroon ; 
Sunderbans, Trans-gangetic Peninsula 
from Orissa to Chittagong; Pegu, Moul- 


mein; Ceylon; tropical shores of Africa |} 


and Australia 


N. Madagascar, Seychelles, tropical Africa, 
S.E. Continental Asia, Andamans to N. 
Australia, Micronesia, Solomon Islands, 
the New Hebrides and N. Caledonia in 
Malaysia, Malay Peninsula, 
Sumatra, Lesser Sunda Islands, Borneo, 


Celebes, Philippines, Moluccas, New 
Guinea and New Ireland 
Bengal, Chittagong, Burma, Mergui, 


Andamans, W. Malay Peninsula 


expanded; tube—obscurely ribbed 


Sand-side of tidal forests 
in less salty parts of 2) 
sandy soil 


5. S. ovata Backer 


3) Petals absent 


|| | 


À detailed study of the organogeny, an- 
thesis, embryology, the structure of flower, 
fruit and seeds was made. Some members 
of Lythraceae such as Cuphea, Woodfordia, 
Lagerstroemia and Ammania were also ex- 
amined for comparison with Enigmocarpon 
and Sahnianthus collected by one of us 
( T.S.M.) at Mohagaon Kalan ( Dist. Chhind- 
wara, M.P.). Material of S. acida and S. ape- 
tala was collected locally at Bombay and 
fixed in F.A.A. Mature seeds of both the 
species possess very hard testa and needed 
softening by 10 per cent KOH solution. Dis- 
tribution of tannin in the cells of seed coats 
was studied by fixing the material in 2 per 
cent ferrous sulphate solution recommended 
by Johansen (1940, p. 107). The sections 
were cut in the usual manner by paraffin 
method and stained either with Heidenhain’s 
iron-haematoxylin or with safranin and 
light-green or with gentian violet and ery- 
throsin, all of which gave good results. 


PREVIOUS LITERATURE 


A brief account of the embryology of 
S. apetala has been given by Karsten (1891) 
and a detailed account of it in S. apetala and 
Duabanga sonneratioides by Venkateswarlu 


) Calyx verruculose, distinctly ribbed 
Calyx segments ascending, adpressed 
against the ripe fruit 


Siam, Malay Peninsula, Java, S. Celebes, 
Moluccas, S.E. New Guinea 


(1937). Mauritzon (1939) has also des- 
cribed the megasporogenesis and female 
gametophyte in S. acida and in D. sonnera- 
tioides. The development of embryo in 
D. sonneratioides has been given by Venkate- 
swarlu (1937) and that in S. acida is given 
here. A detailed account of the fossil fruit 
Enigmocarpon parijai has been given by 
Sahni (1943) and of the chertified flower 
Sahnianthus by Shukla ( 1944 ). 
(1944) has also discussed 
Recently Mrs. Chitaley (1950, 1951, 1955) 
and Verma (1956) have made some addi- 


tional observations on the flower of Sahni- 
anthus, and Ramanujam ( 1954) has found | 


the wood of Sonneratia in Cuddalore series 
in South Arcot district. 


DESCRIPTION 


_ The sequence of organogeny of floral parts | 
in S. acida and S. apetala is, sepals, petals | 


when present, stamens and carpels ( TEXT- 
FIGS. 1-5 & 6-9). The same sequence was 
observed in Lawsonia inermis by Joshi & 
Venkateswarlu (1935-36). The flower of 
S. acida is bracteolate, its calyx tube some- 
what cup-like, sepals 5-8, petals 5-8, stamens 
numerous, inserted on the calyx tube, and 


Creeks of Konkan, Bombay Island, mouths | 


Java, | 


Shukla 
its affinities. | 
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TEXT-FIGS. 1-5 —S. acida L. Development of flower. 
Zao ES. छा a flower bud: S., sepals; Str., 
a developing flower showing contorted style. 
mectary x 2. 


ovary with axile placentation having 16-20 
Pculi (TEXT-rIGS 4, 5, 12,13, 14 & Pt. il. 
FIGS. 5-6). In Punica granatum this se- 
juence is sepals, petals, gynaecium and 
stamens (TunG, 1935). 

A remarkable feature of the flower of 
>. acida is the presence of a soft flabby tissue 
»elow ovary in which it lies partly embedded 

MEXT-FIG. 4 & PL, 1, Fics. 5, (80) ) This 
issue consists of thin-walled parenchyma 
nd is possibly a nectary. It is more pro- 
ninent in this species than in S. apetala. 
Jn account of this tissue the fruit in S. acıda 
ets easily detached at maturity from the 
urrounding calyx ( PL. 1, Fic. 8). Flowers 
f this species open at night. The anthers 
re kidney-shaped. The filaments are attach- 
d to the centre or to one side. The pollen 
rains in S. acida and S. apetala are binucleate 


sepal trace; St, stamen primordium. x 42. 
er 


1, L.S. of flower primordium (br, bract). x 130, 
4, 1 37 ot 
5, L.S. of flower bud showing bracteoles and 


at the time of shedding ( TEXT-FIcs. 17-19 & 
Prez, Fic. 14 & Pr. 3 Fie 20 ), their 
exine has three germ pores in equatorial 
position. The pollen grains in S. acida 
are 67X27, slightly larger than those of 
S. apetala in which they are spheroidal. 
(MELISSA 200) 

Structure of the Mature Ovary — Gynaecium 
of S. apetala is composed of 4-6 carpels, and 
that of S. acida, 16-20 ( TExt-FIcs. 12-14) 
Occasionally, however, one does come across 
a carpel which does not bear ovules in 
S. acida (Text-ries. 12-14, SE) Aline 
loculus of such a carpel is reduced to a small 
narrow cavity and it starts at a higher level 
than the loculi of the fertile carpels. In the 
basal 4/5 part of the ovary, the carpellary 
margins meet in the centre and form the axile 
placentation. The ovules lie mostly in 4 rows 


TEXT-FIGS. 6-14 — 6-11: S. apetala Ham. Development of a flower bud ( L.S.). 
I, leaf; br., bract. x 19. 7, 8, the same showing zigzag style ( Sty. 

same enclosed in leaves (0); Sty, style; Stig, stigma. x 3°5. 10, L.S. of inflorescence showing two lateral 
buds in the axils of leaves and the terminal bud. Note bracts in all buds. X 7:5. 11, T.S. of ovary 
showing 5 carpels, 5 vascular bundles in the central receptacle and 5 loculi. x 3:5. 12-14: S. acida L. 


T.S. of ovary showing 17 fertile loculi and one aborted (Ste.). 12, 1.5. of the basal part of an ovary 
showing solid central axis. x 3:5. 13, T.S. of apical part of ovar 


y showing central cavity. x 3:5. 
14, T.S. of ovary magnified to show sterile carpel (9४6. 5011५ 


6, flower bud ( L.S.): | 
) and stigma ( Sig.). x 8. 9, the 
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| on each carpel in S. acida ( Text-Fic. 14 & 
| PL. 2, Fic. 11). A longitudinal section of 
| the ovary in S. acida, however, shows that 
the ovules in the upper part of the ovary are 
| ascending, those in the middle part more or 
less horizontal and those in the basal part 
distinctly pendulous ( TEXT-FIG. 4). In the 
| upper 3 part, the carpellary margins fail to 
|meet in the centre and consequently the 
| ovules are borne on the enlarged margins of 
| the septa (TrExrt-ric. 13). Opposite the 
| dorsal bundle of the carpels, there is a longi- 
| tudinal ridge on the inner surface towards 
| the loculi. The dorsal and lateral bundles 
of the carpels branch in the wall (Pr. 2, 
Pic. 11). 

Structure of the Mature Ovule — A mature 
ovule is stalked, anatropous and bitegument- 
jary ( TEXT-FIG. 15). The micropyle is zig- 
| 288 and is formed by the inner integument. 
There is a small space at the chalazal end 
‚between the two integuments ( TExt-FIc. 
foe PL _2-Fic. 15). 

The nucellus is nearly straight, except for 
a small curvature towards the chalaza. 
Just above the embryo sac the cells are 
arranged in more or less radial rows. The 
nucellar cells below the embryo sac are also 
regularly arranged to form a strand of 
elongated cells (see Pr. 2, Fic. 15). Such 
a strand of elongated cells has been record- 
ed in many members of Lythraceae by 
Joshi & Venkateswarlu (1935-36) and also in 
Duabanga sonneratioides by Venkateswarlu 
(1937). He, however, states that such a 
strand is absent in S. apetala. 

The outer and inner integuments are dis- 
tinctly two-layered for the greater part, 
except near the micropylar zone ( TEXT- 
FIGS. 15, 16 & PL. 3, Fics. 16-18). The vas- 
cular bundle of the raphe ends in a few short 
branches at the chalaza (PL. 2, Fic. 15). 

The embryo sac is about 310 u long and 
60 u in diameter. In egg-apparatus, syner- 
gids as usual have a large vacuole at the 
chalazal end. The nucleus is located in the 
upper part (TeExt-Fics. 15 & 20). The 
egg-cell shows the presence of a vacuole 
towards the micropylar end and nucleus 
towards the chalazal end. The antipodals are 
ephemeral and usually disappear before the 
fusion of micropylar part of the embryo sac. 
Fat bodies are present in the embryo sac 
BVEXT-FIGS. 15, 20, j.b. & PL. 3, Fic. 22). 

Embryo — After fertilization, the zygote 
n S. apetala divides and forms a pro-embryo 
of two or three cells ( TEXT-FIG. 22). The 


terminal cells form the embryo proper. By 
two longitudinal divisions, a quadrant is 
formed ( TEXT-FIG. 23). A transverse divi- 
sion in each one of the cells of the quadrant 
gives rise to an octant ( TExT-FIG. 24). The 
four terminal cells of the octant divide further 
( TEXT-FIGs. 25, 26) and develop into coty- 
ledons and stem, while the four basal cells 
form hypocotyl and primary root. In S. acida 
the basal cell of the pro-embryo is much 
enlarged ( TEXT-FIG. 21). 

Endosperm development starts with free 
nuclear divisions, but ultimately walls are 
formed from periphery towards the centre. 
As the embryo develops, the endosperm gets 
disorganized, so that in a mature seed only a 
single layer of endosperm is seen at the micro- 
pylar region a little below the nucellar cap 
VERS. Kies 17.218): 

Hypostase — The cells at the chalaza, at 
the point of the origin of the two integuments 
gradually change in appearance. They stain 
densely ( Pr. 3, Fic. 21) and form the hypo- 
Stase which appears crescent-shaped in 
longitudinal sections of the seed (Pr. 3, 
Fic. 19, hy.). 

The Nucellar Cap — As the seed matures, 
the nucellus gets gradually reduced, being 
eaten up by the developing endosperm. A: 
few cells of the nucellus just below the micro- 
pyle remain persistent and form a sort of 
nucellar cap ( Pr. 3, Fic. 18). On the sides, 
the nucellus is completely absorbed except 
the outer wall of the outermost layer lying in 
contact with the inner integument. This 
wall is suberized and stains brilliant red with 
Sudan IV. The cells of the nucellar cap are 
also suberized and show the same staining 
reactions. 

This persistent nucellar cap formed from 
the nucellus represents a well-marked tissue 
in the micropylar region ( TEXT-FIG. 16 & 
PL. 3, Fics. 16-18) and perhaps corresponds 
morphologically with the so-called epistase. 
A distinct epistase developed from the nu- 
cellus, projecting through the micropyle, is 
known in the Malpighiaceae ( STENOR, 1937; 
SUBHA Rao, 1940), but is not of common 
occurrence in other plants. The presence of 
nucellar cap, on the other hand, is not so 
uncommon and is reported in many plants 
belonging to diverse families such as in Lemna 
minor (Family —Lemnaceae),Costus speciosum 
( Family — Zingiberaceae ), Typhonium trilo- 
betum, Peltandra virginica, Arum maculatum, 


„Acorus calamus ( Family — Araceae ), Strelit- 


za Reginae, Heliconia aurantica ( Family — 
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TEXT-FIGS. 15-26 — 15, S. acida L. 


food-body. x 130. 16, S. acida L. 
nucellar cap is seen lying above the endosperm 
tissue; n.c., nucellar cap; e., endosperm. 
einbryo. 17-19, pollen grains. x 425. 
the endosperm nucleus. x 425. 
21, two-celled embryo. 22, three-celled embryo. 
25, an advanced embryo in globular stage. 


Musaceae ), Stromanthe lutea, Calanthea pic- 
turata ( Family — Marantaceae ), etc. 

The cells of the inner layer of the inner in- 
tegument gradually get more and more com- 
pressed as the seed matures. 


23, two-celled pro-embryo. 
26, S. acida L. An advanced embryo. x 425. 


A mature ovule with embryo sac (L.S.): i..int., inner lining 
of the inner integument; o.i.int., outer lining of the inner integument; o.int., 


L.S. of a young 


outer integument; f.b., 
seed showing a part of micropyle in which the 


of the embryo: o.int., outer integument; Sp., spongy 
x 70. 17-20, S. acida L. Pollen grains, 
20, mature embryo sac. 
21-25, S. apetala Ham. 


embryo sac and 
Note the food-body (f.b.) lying near 
Stages in the development of embryo. x 425, | 
24, embryo in octant stage. | 


The Seed Coats — The inner seed coat: 
During the development of seed, the two- | 
layered inner integument of the ovule gets J 
differentiated into two layers, the outer and 
inner. The inner one remains single-layered |] 
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except at the micropylar end where it be- 
comes 2-3-layered ( TEXT-FIG. 16 & Pr. 3, 
Fic. 22). Tannin is deposited in this layer 
on account of which it looks dark in sections 
fixed in ferrous sulphate solution recommend- 
ed by Johansen (1940, p. 107). In older 
seeds this inner layer in the micropylar region 
gets compressed due to the pressure of the 
outer layer and appears like a long narrow 
Strip above the centre of the nucellar cap and 
looks as if it is a continuation of the nucellus, 
giving an impression of a well-developed 
‚ epistase. But from Text-fig. 16 and Pl. 3, 
Figs. 16-18 and 22, it will be clear that this 
structure looking like epistase is not of nucel- 
| origin only and hence is not a true epi- 
Stase ( TEXT-FIG. 16), as it is partly formed 
by the nucellar cap and partly by the inner 
integument. 

The outer layer of the inner integument 
divides periclinally in the micropylar region 
and also on the sides and becomes 2-4 
layers thick ( TEXT-FIG. 15, o.i.int. & PL. 3, 
Fic. 22). These layers are characterized by 
spiral and reticulate thickenings on their 
walls as was noted by Venkateswarlu ( 1937 ) 
in Duabanga sonneratioides. Their walls are 
slightly lignified. They do not get stained 
with safranin, but do show staining reaction 
of lignin when treated with aniline sulphate 
and phloroglucin. They form a complete 
covering around the embryo which can be 
removed intact from the seed. These spiral 
thickenings are generally considered to be a 
special feature of the Sonneratiaceae; but it 
may be stated here that they were noticed 
by us also in a species of Lagerstroemia, 
L. flos-veginae belonging to Lythraceae 
( TEXT-Fics. 27, 28). The previous workers 
( JOSHI & VENKATESWARLU, 1935-36 ) on this 
plant and other members of this family had 
not reported them in the genus Sonneratia or 
in the members of Lythraceae. 

The outer seed coat: The outer integu- 
ment becomes many-layered and gets differ- 
entiated into many types of cells. Its inner 
layers are composed of highly thickened cells 
of different shape ( TEXT-FIG. 31). Their 
walls are thick and lumen very narrow. They 
have numerous pits. They form sclerotic 
part of the seed coat. The middle part of 
the outer seed coat is made up of large, thin- 
walled cells and some small, slightly thick- 
walled cells. The former contribute to the 
formation of the spongy tissue of the seed 
oat. The small slightly thick-walled cells go 
o form the outer layers of the seed coat. At 
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the micropylar end the spongy tissue lies 
between the raphe and the inner thick-walled 
zone of the outer integument. As the raphe 
turns towards chalaza, it cuts it through the 
spongy tissue. A transverse section of the 
seed at this level shows two spongy areas on 
either side of the raphe ( TEXT-FIG. 33) 

The Structure of Mature Fruit — The fruit 
of S. acida ( PL. 1, Fic. 8), as stated earlier, 
is dry and not fleshy like that of S. apetala 
(Pr. 1, Fie. 9). It dehisces irregularly by 
vertical slits in S. acida (65000. 10 हिट ७) 
whereas in S. apetala it breaks open by the 
deterioration of the fleshy fruit wall. The 
fruits fall on the mud flats on the seacoast, 
where these plants grow as mangroves. 
There are 16-20 loculi to it in S. acida ( PL. 2, 
Fics. 10 & 12) and 5-6 in S. apetala. A 
T.S. of mature fruit in S. acida shows a thick 
central axis to which seeds are attached 
(Pu. 2, Fie. 12). There is a central cavity 
in the axis in the upper part of the fruit. 
The wall of the fruit is spongy and com- 
posed of thin parenchymatous cells ( PL. 2, 
PGS el Eee RD. 

Having described the living members, we 
may now turn our attention to the related 
fossils. Two well-known Tertiary genera 
from the Deccan Intertrappean series of 
Madhya Pradesh are believed to belong to 
Lythraceae. One is a petrified flower and the 
other a fruit, called Enigmocarpon and Sahni- 
anthus respectively and are described in detail 
by Sahni ( 1943 ) and Shukla ( 1944) respec- 
tively. Recently Verma (1956) has des- 
cribed another flower, called Sahnipushpum 
shuklat which he refers also to Sonneratia- 
ceae without giving sufficient reasons. Sahni 
(1943) and Shukla (1944) have also dis- 
cussed the affinities of these two fossils and 
have referred them to Lythraceous affinity. 
Mrs. Chitaley (1950, 1951, 1955) also has 
made some additional observations on the 
presence of bracts and pollen grains in 
Sahnianthus. A re-investigation of these 
two fossils, therefore, was made for comparing 
their structures with those in the members 
of the living Sonneratiaceae and Lythraceae, 
in order to throw some further light on the 
problem of their affinities with Sonneratia or 
with some genera of the Lythraceae. 

The flower Sahnianthus Shukla is actino- 
morphic and hermaphrodite. Its calyx is 
valvate and 8-lobed and stores some sort of 
secretory fluid (Pr. 4, Fieé. 28). Corolla 
is absent and stamens are more than 8. 
Filaments are inflexed in bud. The pollen 
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TEXT-FIGS. 27-33 - 27, Lagerstroemia flos-veginae Retz. 
ings on the inner lining of the inner integument. x 11. 


cells with scalariform thickenings. x 42. 
ovary. x 7°5. 
OS: 


grains are tricolpate. The 6-9 locular ovary 
is said to be stalked ( TExt-FIGs. 35, 39, 
42 & Pr. 4, Fic. 28). The stalk possibly 
is the result of the loss of spongy tissue at 
the base of the ovary while getting fossilized 
(Pr. 4, Fic. 28). The placentation is 
axile ( TEXT-FIGS. 35), but at the top the 
ovary is incompletely septate. The flowers 


29, Cuphea ignea. 
30, Woodfordia fructicosa S. Kurz. L.S. of flower showing the structure of the ovary. 
31, S. acida L. Sclerotic cells in the outer seed coat. 
of flower showing the structure of OV ALY ex 4220 33785: 
embryo, and the air-cavities around the raphe, » 18, 
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32 


L.S. of seed showing scalariform thicken- 
28, the same with apical part magnified. Note 
L.S. of flower showing the structure of 


x 155. 32, Ammania baccifera L. L.S. 


are described as heterostylous. The stalk 
of the ovary is partially embedded in the 
midst of a flabby tissue, possibly nectary as 
that in S. acida ( Pr. 1, Fıcs. 5, 6) (compare 
PL. 4, Fic. 28 with PL. 4, Fic. 25 ik 

The fruit called Enigmocarpon Parijai 
Sahni is 7-9 locular ( TExT-FIG. 34 & Pr. 
4, Fics. 23 & 24). It shows loculicidal 


acida L. T.S. of seed. Note raphe, 


Lu 


| 
IN 
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TEXT-FIGS. 34-42 — 34, Enigmocarpon parijai Sahni. 
T.S. of flower showing ovary with 9 loculi. x 8. 
39, Sahnianthus Shukla. L.S. of flower. x 22. 


raphe; Sp., spongy tissue. x 14. 


of Enigmocarpon parijai Sahni, showing the so-called epistase (epi.) ; 


42, Sahnianthus Shukla. L.S. of flower. x 13. 


36-38, Enigmocarpon parijai Sahni. 


T.S. of fruit. x 3°5. 35, Sahnianthus Shukla. 
seeds DS 7, 
40-41, L.S. of seed 
sp., spongy tissue; r, raphe. x 13. 


[ Figs. 36-38 after Sahni (1943) and Fig. 42 after Shukla (1944 ) ] 


dehiscence ( TEXT-FIG. 34 & PL. 4, Fic. 23 ), 
the wall of the fruit being spongy (Pr. 4, 
Fıc. 27). The seeds are many; chalaza is ob- 
liquely placed; raphe is thick; and seed coat 
has distinct air-cavities (Pr. 4, Fıc. 26 ). 
Hypostase is present and an epistase-like 
organ is frayed in between the inner integu- 
ment ( Pr. 4, Fic. 26). The structure of the 
seeds in fossil as given by Sahni (1943) is 
shown in Text-figs. 36-38 and as seen in 
our fossil material in L.S. in Text-figs. 
40-41 and in Pl. 4, Fig. 26. 


DISCUSSION 


The Lythraceous affınity of Sahnianthus 
suggested by Shukla rests largely, among 
other characters, on the presence of the 


following features made out by him (see 
SHUKLA, 1944 ): (i) heterostyly, (ii) episepal- 
ous stamens, at least 8, (iii) tubular gibbous 
calyx, (iv) axile placentation, and (v) superior 
ovary with a stalk. To these may be added 
the observations made by Mrs. Chitaley 
( 1951, 1955 ), namely the presence of bracts 
and nature of the pollen grains. The 
students of angiosperm embryology very 
well know that the characters listed above 
are of such a generalized nature that they are 
distributed over more than one family. One 
can, therefore, find them both in Lythraceae 
as well as in Sonneratiaceae. 

The flowers of Sonneratia and Sahnianthus 
do have features in common such as the pre- 
sence of pedicellate flowers, gibbous calyx, 
valvate sepals, episepalous stamens inflexed 
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in bud, 2-lobed anthers, dorsifixed and 
curved connective situated at one-third the 
distance from the tip of the anther, pollen 
grains with three germ pores, axile placenta- 
tion, anatropous ovules, micropyle bent to- 
wards the funicle, etc. But the flowers of 
Sonneratia (Pr. 1, Fic. 7) are very large 
compared to those of Sahnianthus. There 
is no real heterostyly in Sahnianthus as in 
Sonneratia, the length of the style depending 
only on the developmental stage of the flower 
( Pr. 1, Fıcs. 3-8). The ovary is said to be 
distinctly stalked in Sahnianthus, while it is 
not so in Sonneratia, However, from a study 
of the structures met with in mature flowers 
of Sonneratia and those in Sahnianthus, it 
appears that the stalk of the ovary in the 
latter is the result of the loss of a spongy 
tissue of the nectary in fossilization similar 
to that found surrounding the ovary of 
Sonneratia today (cf. Pr. 4, Fics. 25 & 
28 and also with PL. 1, Fics. 4-6). As a 
matter of fact even in Lythraceae, excepting 
the genus Loffensia, other members do not 
have stalked ovary. The bracts and brac- 
tioles seen in Sonneratia are certainly com- 
parable with those in Sahnianthus (PL. 1, 
Fic. 2 & TEXT-FIGs. 4, 5, 6, 9 & 10). 

The pollen grains of Sahnianthus as des- 
cribed by Shukla (1944) and Mrs. Chitaley 
(1951) do not show an important Lythra- 
ceous feature given by Engler ( 1898, p. 18), 
namely the presence of vertical ridges. The 
absence of this feature definitely goes against 
the Lythraceous alliance of Sahnianthus, as 
do the bracts and bracteoles found by 
Mrs. Chitaley in Sahnianthus. As a matter 
of fact these characters resemble more 
those in Sonneratia than those in any 
other Lythraceous genera like Decodon, 
Heimia and Grislea each, because of certain 
features. In other respects the fossil flower 
retains its own individuality and very small 
size, and hence Shukla (1944) considers it 
to be an extinct member of the fossil Lythra- 
ceae. But, as will be seen from above, the 
resemblances between Sahnianthus and Son- 
neralia are far more outstanding than those 
between any members of Lythraceae: and 
hence there is a strong probability that 
the nearest allies of Sahnianthus and Enig- 
mocarpon were perhaps some members of 
Sonneratiaceae, living or fossil, rather than 
members of Lythraceae. 

Enigmocarpon — The fruit of Enigmocar- 
pon parıjai has been fully described by Sahni 
(1943). It is‘a capsule showing loculicidal 


dehiscence. In S. acida, the fruit wall 
dried up and shows a few vertical cracks, 
There is, however, no regular loculicidal de- 
hiscence in it, or in any other species of 
Sonneratia as in Enigmocarpon. 

The seed structure of Enigmocarpon has 
also been very fully described by Sahni 
(1943). These seeds show a considerable 
similarity to the seeds of Sonneratia ini 
point of shape, raphe and its course, the pre- 
sence and distribution of the spongy tissue, 
presence of epistase-like structure, not found! 
in the Lythraceae. There is spongy tissue} 
between the vascular bundle and thick cells: 
of the seed coat in Enigmocarpon, just as in| 
S. acida and S. apetala. In both of them, a . 
the raphe turns towards the vascular bundle, 
it forms hypostase and divides the spongy’ 
tissue into two parts, on account of which the: 
spongy tissue comes to lie on the outer side: 
of the raphe later. However, the develop-: 
ment of spongy tissue in Sonneratia is poor 
as compared with that in Enigmocarpon 
in which it is very conspicuous. The long! 
thick-walled fibres seen on the outer side 
of the spongy tissue in Enigmocarpon are 
absent in Sonneratia, but their place is taken 
by small and thick-walled cells found in the 
latter. 

A characteristic feature of the seed of 
Enigmocarpon described by Sahni ( 1943 ) is 
epistase. He considers it to be a very im- 
portant organ of this seed. But, as already 
remarked, real epistase developed from the} 
nucellus is on the whole a rarity in plants, |] 
and, therefore, a careful search of it was made 
by studying young and matured seeds in the 
two species of Sonneratia under investigation | 
and in members of the Lythraceae like Lager- 
stroemia, Ammania, Woodfordia and Cuphea l 
( TEXT-FIGS. 27-30 & 32). It was found that |] 
the whip-like process of the epistase-like organ |} 
in Enigmocarpon really represents the com-| | 
pressed end of the inner integument which || 
is slightly longer than the outer one. The |} 
persistent nucellar cap is pushed in it and it 
forms the basal triangular part of the so- 
called epistase in Enigmocarpon and gets | 
adpressed. Its upper end is frayed into micro- | 
pyle and looks like a continuation of the! 
nucellar cap lying under it. But in this con: | 
nection, it may be stated here that a similar 
Structure was also noticed by us in | 
ma and Cuphea. A re-examination of the I 
fossil fruit Enigmocarpon showed that there 
is no true epistase in this plant, morpho- f 
logically identical with the epistase of the! 


Malpighiaceae and the other families. 


| 


It is 
"eally the nucellar cap adpressed against the 
thin, tailed, whip-like portion of the inner in- 
|Fegument similar to what is found in species 
ot Sonneratia like S. acida or S. apetala. The 
Fo-called epistase in Enigmocarpon, there- 
lore, is a composite structure formed by the 
‚ompressed inner wall of the inner integu- 
ment, as was suggested by Maheshwari ( see 
SAHNI, 1943, footnote on p. 75), plus the 
pucellar cap found in this investigation. 
he fruit and seed structure of Enigmocarpon 
thus shows closer resemblance to Sonnera- 
‘va than to members of the Lythraceae and 
nence its affinities are more intimate with the 
5 It should, however, be 


sonneratiaceae. 
realized that while discussing the affinities 
of a flower or fruit, now perhaps more than 
50 million years ago, one has to be very 
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cautious, and must be ready to revise his 
opinion if and when the new facts come to 
light. But, for the present, they strongly 
suggest Sonneratiaceous affinities for Sahni- 
anthus and Enigmocarpon rather than Lythra- 
ceous, unless one visualizes that in such a 
distant past the two families might have 
been together and got separated later in the 
post-Eocene period, which may not be un- 
likely. 
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EXPLANATION OF PLATES 


PLATE 1 


1. S. apetala Ham. A tree growing near a fresh- 
water creek at Mumbra, Bombay. 

2. S. acida L. L.S. of young flower showing bracts 
and leaf. «3:3. 

3. The same showing a little more advanced 
stage. x 3°3 

4. 3. apetala Ham. L.S. of a young flower. Note 
contorted style and large funnel-shaped stigma. x 4. 

5, 6. S. acida L. L.S. of flower showing the 
structure of ovary, style, stigma and nectary 
at the (base: of) the (ovary. (Bic 5— <2 land 
Fic. 6—X 41). 

7. S. acida L. A flower fully opened at night. x 4 
N.S. 

8. S. acida L. A fruit: Note the long persistent 
style. x 2 NS. 

9. S. apetala Ham. Fruit: Note the persistent 
calyx in this species. x4N.S. 


PLATE 2 


10-15. S. acida L. showing the structure of ovary, 
its wall, carpels, fruit and seed. 

10. T.S. of fruit showing seeds cut in different 
planes. x 4. 

11. 1.5. of a part of ovary showing two carpellary 
chamhers. x 19. 

12. DS. et 9 fully matured) truite 01 

13. T.S. of wall showing loose cells full of air- 
cavities and nests of sclereids. x 38. 

14. Pollen grains. x 400. 

15. L.S. of a mature ovule showing hypostase 
(hy), embryo sac, and raphe x 115. 


PrATESS 


16. S. acida L. L.S. of seedshowing two integu- 
ments and nucellar cap projecting in the micropyle. 


| 
Note the frayed end of nucellar cap (०४४) lying if 
between the inner integument. X 20. | 
17. S. acida L. L.S. of a young seed showing 
embryo and the so-called epistase (epi) formed by 
the long frayed end of the nucellar cap. x 20. 
18. The same in slightly older ovule. Note the 
nucellar cap (n.c.). x 20. | 
19. S. apetala Ham. L.S. of a ovule showing 
hypostase (hy.) and the embryo cavity. x 20. 1 
20. Pollen grains. X 500. | 
21. S. apetala Ham. Cells of hypostase full of 
dark cell-contents. x 200. | 
22. S. acida L. L.S. of mature seed en 
nucellar cap, scalariform thickenings on the oute 
lining of the inner integument and thin cells ol 
the inner linings of the inner integument. x 38. 


PLATE 4 


23. Emigmocarpon parijai Sahni. L.S. of fruit 
(obliquely fractured). x 7. 

24. The same in T.S. showing 8 loculi in th 
upper part of the fruit and the hollow Cavity in th 
central receptacle. x 24 N.S. ( After Saunı, 1943) 

25. S. acida L. L.S. of a flower bud showing 
nectary (N) around the base of the ovary. x 10. 

26. Enigmocarpon parijai Sahni. L.S. of two seed 
Note the nucellar cap and the so-called epistase i 
the two seeds. x 29. 

27. Enigmocarpon parijai Sahni. Wall of th 
fossil fruit showing loose air-cavities and nests of 
sclereids like those seen in the fruit wall of S. acida 
shown in Fig. 55. x 20. 

28. Sahnianthus Shukla. L.S. of flower showin 
the structure of the ovary and the cavity formed] 
around it by the loose tissue of nectary. x 34 
This is taken as hypanthum by some authors. ! 
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ABSTRACT 


permous plants are briefly reviewed. Arnold’s 
flassification (Bot. Gaz., 1948) is tentatively 
modified as follows: 


M Division: Cycadophyta—Class 1. Pteridosper- 
mopsida, Orders: 1. Lyginopteridales, 2. Medul- 
| 3. Glossopteridales, 4. Peltaspermales, 
5. Corystospermales, 6. Caytoniales: Class 2. Cyca- 
(lopsida, Order: 7. Cycadales; Class 3. Pentoxylo- 
josida, Order: 8. Pentoxylales; Class 4. Cycadeoi- 
jleopsida, Order 9. Cycadeoideales. 

Division: Chlamydospermophyta — Class Gneto- 
sida, Orders: 1. Gnetales (restricted to Gnetum ), 
12, Welwitschiales. 

Division:  Coniferophyta — Class 1. Conifero- 
sida, Orders: 1. Cordaitales, 2. Ginkgoales; 
. Coniferales; Class 2. Ephedropsida, 4. Ephedrales; 
lass 3. Czekanowskiopsida, Order: 5. Czekanows- 
kiales; Class 4. Taxopsida, Order: 6. Taxales. 

The position of the Pentoxylales, Ephedrales, 
lossopteridales and Czekanowskiales is discussed 
n the light of recent research. 


INTRODUCTION 


The history of gymnosperm classification 
egins with the year 1827 when Robert 
rown recognized the naked seed of the 
ycads and the Conifers, and called them 
ymnosperms. Later, Endlicher ( 1836- 
840) gave them the same rank as the 
three divisions of Dicotyledons under his 
Acramphibrya, Adolphe Brongniart ( 1843 ) 
actually included them in the Dicotyledons 
und Bentham & Hooker ( 1862-1883 ) placed 
hem between the Dicotyledons and the 
Monocotyledons. Ultimately, Hoffmeister’s 
poch-making work (1851) on the develop- 
nent and embryology of diverse plants led 
Yan Tieghem (1898) to remove them from 
his intermediate position and he installed 
hem as one of the two primary divisions of 
he Spermatophytal. 

Bentham & Hooker (1862-1883) recog- 
ized only three orders of the living Gymno- 
permae, viz. Gnetaceae, Coniferae and Cyca- 
aceae. The genus Ginkgo was in those days 
raditionally included in the Coniferae, e.g. 
: was included by Eichler ( 1889 ) in Taxeae 
long with Taxus, Torreya and Cephalotaxus. 


1. The term Spermaphyta which is sometimes 
sed is etymologically incorrect. 
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But soon after the discovery of motile sperms 
in this genus ( HrraseE, 1896 ), Engler ( 1897 ) 
created a special class, the Ginkgoales for 
Ginkgo and its fossil representatives. By the 
beginning of the present century the knowl- 
edge of three more types of fossil gymno- 
spermous plants had also become sufficiently 
clear and had led to the establishment of 
three more classes, the Cordaitales, the 
Pteridosperms and the Bennettitales. Engler 
(1897), Coulter & Chamberlain (LO 7s), 
Engler & Prantl ( 1926), Rendle ( 1930) and 
others all recognize the Gymnosperms as pri- 
mary division of the Spermatophyta-Phane- 
rogamia or Embryophyta - Siphonogama. 
They then directly divide the group into 
classes or orders of co-ordinate rank, viz. 
(1) Pteridospermae (or Cycadofilicales ), 
(2) Cycadales, (3) Bennettitales, (4) Cordai- 
tales, (5) Ginkgoales, (6) Coniferales, and 
(7) Gnetales. 

In contrast, Berry (1917) divides the 
gymnospermous plants into the Pterido- 
spermophyta, Cycadophyta and Conifero- 
phyta without classing them as Gymnosperms. 


DEVELOPMENT OF PHYLOGENETIC 
SYSTEMS 


In 1919, Sahni (1920) for the first 
time clearly recognized two main phyletic 
lines in the orders of the Gymnosperms: 
(1) the Phyllosperms consisting of (a) the 
Pteridospermae, (b) the Cycadales and prob- 
ably (c) the Bennettitales, and (2) the 
Stachyosperms consisting of (a) the Cordai- 
tales, (b) the Ginkgoales, (c) the Coniferales, 
and (d) the Taxales ( separated from the Coni- 
ferales and including Taxus, Torreya and 
Cephalotaxus ). As their names indicate, the 
ovules of the Phyllosperms are borne on 
leaves or regarded to be so, while those of the 
Stachyosperms are believed to be stem- 
borne?. Besides the differences in the 
nature of the ovule-bearing organs, Sahni 


2. This difference between the morphological 
nature of the ovule-bearing organs of Cycads and 
Conifers was first pointed out by Strasburger 


(01879) 
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also pointed out the differences between the 
generally large and much-divided leaves 
of the former and the simple leaves of 
the latter. Subsequently, Margaret Benson 
(1921) suggested that Sahnis two main 
lines may have been totally distinct and 
she associated the Stachyosperms with the 
Sphenopsida and the Phyllosperms with 
the ferns. 

Almost simultaneously with Sahni, Cham- 
berlain (1920, 1935) also recognized two 
main groups among the Gymnosperms and 
called them by the old names Cycadophyta 
and Coniferophyta. Although the composi- 
tion of Chamberlain’s Cycadophyta 15 the 
same as that of Sahni’s Phyllosperms and 
that of his Coniferophyta essentially similar 
to Sahnis Stachyosperms (except that 
Chamberlain also includes the Gnetales in 
the Coniferophyta ), yet the emphasis on the 
primary characteristics in the two classifica- 
tions is different. 

The main basis of Sahni’s classification is 
the morphological nature of the ovule-bear- 
ing organs. As Scott (1923) pointed out 
soon after Sahni proposed his scheme, it was 
mainly a theoretical distinction for some of 
the groups, e.g. the Cordaitales, Bennetti- 
tales, and Conifers. Schoute ( 1925 ), who first 
showed that the ovule in Cordaianthus was 
attached on a lateral appendage, pointed out 
that this did not support Sahni’s division of 
the Gymnosperms into the Stachyosperms 
and the Phyllosperms. Since then Florin’s 
extensive work ( 1938-45, 1951 ) on the stro- 
bili of both Cordaitales and Conifers has made 
it abundantly clear that the ovule in both 
these groups is borne on the lateral append- 
age of a short axis. Florin does not pre- 
cisely state the nature of the ovulate organ, 
but the fact that he often refers to it as a 
megasporophyll suggests that he regards it 
as a foliar structure. No doubt he compares 
it with a telome, but even foliar structures 
are fundamentally telomes. Eames (1952) 
has already pointed out that the stachyo- 
spermous character of the Cordaitales and the 
Conifers cannot stand. 

Chamberlain (1920, 1935), on the contrary, 
emphasizes mainly the factual details of the 
differences in habit, stem anatomy and leaves 
of the two groups. The names chosen by 
Chamberlain are also non-committal. Ac- 
cordingly, despite the slight priority of the 
names proposed by Sahni some recent authors, 
e.g. Arnold (1948), Engler, Melchior & 
Werdermann (1954), have preferred Chanı- 


berlain’s names’. The acceptance of Cham- 
berlain’s nomenclature for the two classes 
of Gymnosperms is, however, not against 
Sahni’s recognition of the two main phyletic 
lines in this group, only the basis of their) 
distinction is different. | 
Another feature of Sahni’s classification 
which seems to have come to stay is the sepa- 
ration of Taxus and its allied forms from 
the Coniferales and their inclusion in a new 
order, the Taxales. Florin ( 1948) has sub- 
sequently upheld Sahni’s separation of the 
Taxales as an order of co-ordinate rank with 
the Cordaitales, Ginkgoales and Coniferales 
(restricted), but he includes only Taxus, 
Torreya and three other newly discovered 
genera ( Nothotaxus, Amentotaxus and Aus: 
trotaxus ) in the group retaining Cephalotaxusi 
within the Coniferales. | 
The enigmatic Gnetales have been left out 
in a doubtful position by Sahni while Cham: 
berlain includes them in the Coniferophyt 
but without connecting them to the other 
coniferophytes (see CHAMBERLAIN, 1935. 
p. 4, Fic. 2). Pulle ( 1938 ) included them 
in a separate class, the Chlamydospermae 
which is made co-ordinate with his other 
classes of seed plants, viz. Pteridospermae 
Gymnospermae and Angiospermae. Th 
customary inclusion of the three general 
Ephedra, Welwitschia and Gnetum in the 
single order Gnetales has also become quesi 
tionable in view of the contributions off 
Pearson ( 1929), Florin ( 1931, 1933, : 
Eames (1952) and others. Arnold ( 1948 
proposed the separation of Ephedra in 
separate order, the Ephedrales. Eame 
(1952) goes further and suggests that thé] 
Ephedrales are nearest to the Cordaitales an 
the Coniferales and rather widely separate 
from Gnetum and Welwitschia. He also sug + 
gests the creation of two separate orders | 
Gnetales restricted to Gnetum and Welwitsil 
chiales for Welwitschia. | 
In a new classification of the Gymnosperms 4 
Arnold (1948) suggested that the term 
Spermatophyta and Gymnospermae could not} 
indicate natural relationships mainly because} 
they are based on single characters. 
emphasized the differences between 
Cycadophyta, Coniferophyta and Chlamydo- 


3. Takhtajan (1953), however, retains Sahni’s} 
nomenclature and Lam (1950) extends the dis! 
tinction even into the Angiosperms. | 


though actually they 


| 


| Phanerogams ( 
| gams ) 
} mainly because it was a misnomer. 
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Status of classes equal in rank with his 
Pteridophyta (ferns only) and Angiospermo- 
phyta under the division Pteropsida. In 
addition to the separation of the Ephedrales 
(see above) under his Chlamydospermo- 
phyta he accepted the separation of the 
Taxales under the Coniferophyta. He reject- 
ed the names Spermatophyta and Gymno- 
spetmae as terms which had “ outlived their 
usefulness ’’, 


EMBERGER’S PREPHANEROGAMS 
AND PHANEROGAMS 


In the meantime, the use of the term 
and its counterpart Crypto- 
had automatically fallen in disuse, 
Coulter 
are against the use 
artificially combines 
the Angiosperms al- 
are somewhat more 
closely comparable with the Pteridophytes 
from which it Separates them. However, 


& Chamberlain ( 1903 ) 
of the term because it 
the Gymnosperms with 


t Emberger ( 1944) recently reintroduces the 
» term Phanerogamae along with a new name 


\ 


| 


Prephanerogamae to include the Pterido- 
Spermae and Cordaitales which have no em- 
bryos in their seeds at the time of shedding. 


' According to Emberger, the Prephanero- 


| gamae shed only megasporangia wrapped in 


' Integuments and not true seeds which, ac- 


cording to this author, should also have 


dales should also be included 


embryos at that time. Favre-Duchartre 
(1943) and Chaudefaud (1944) and others 
have pointed out that Ginkgo and the Cyca- 
in the Pre- 
phanerogamae because in their seeds too 
embryos are absent at the time of shedding 
( this was known long before, e.g. SCHNARF, 
1937). Emberger’s classification, which is 
based on a single character, is unnatural be- 
cause it introduces such anomalies as the 
separation of Pteridosperms and Cordaitales 
from the related Cycadophytes and Conifero- 
phytes respectively. It also groups together 
such dissimilar plants as the Cordaitales and 
the Pteridosperms. The absence of embryos 
in the seeds of the two groups merely 
indicates that their seeds are in the same 
stage of evolution. 


ENGLER, MELCHIOR AND 
WERDERMANN’S SYSTEM 


Engler, Melchior & Werdermann ( 1954 ) 
have suggested yet another classification. 
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They have incorporated some of the features 
of Arnold’s classification, but have introduced 
the following changes: 

1. The name Gymnospermae is reincor- 
porated as a division of the plant kingdom 
co-ordinate with the Bryophyta, Pterido- 
phyta, Angiospermae and others. 

2. Two class names have been changed 
to Cycadopsida and Coniferopsida, and a 
new class Taxopsida has been introduced to 
include the order Taxales. 

3. The class name Chlamydospermophyta 
is changed to Chlamydospermae and instead 
of dividing it into two orders all the three 
genera are included in the single order 
Gnetales as in older classifications. 

4. The Caytoniales have been separated 
from the Pteridospermae and the Nilssoniales 
from the Cycadales and introduced as dis- 
tinct orders in the class Cycadopsida. 

5. A new order Pentoxylales, including 
the Pentoxyleae (Srivastava, 1946: SAHNI, 
1948), is incorporated in the Cycadopsida. 

6. The Ginkgoales have been shifted from 
the Coniferopsida and included under Cyca- 
dopsida. 

While some of the changes, introduced by 
these authors, may appear justifiable, there 
are others, e.g. the inclusion of the Gink- 
goales under the Cycadopsida, the grouping 
together of Ephedra, Welwitschia and Gnetum 
in the order Gnetales and a different ending 
for the class name Chlamydospermae, 
which are difficult to understand. Clearly 
Arnold’s classification, though earlier, is more 
systematic. 


A NEW PHYLOGENETIC SCHEME 


A modified form of Arnold’s classification 
is, therefore, suggested below. The main 
changes proposed here are: 

1. The names Cycadophyta, Chlamydo- 
spermophyta and Coniferophyta are raised 
to the divisional rank. 

2. The endings of the class and order names 
have been changed to conform with the re- 
commendations of the latest International 
Code of Botanical Nomenclature, Utrecht 
(1956). 

3. The order Ephedrales has been trans- 
ferred to the Coniferophyta under Conifer- 
opsida in view of the recent contributions of 
Florin (1931, 1934) and Eames ( 19522). 

4. A new class Czekanowskiopsida with 
an order Czekanowskiales is formed for 
Czekanowskia and its nearest allies ( HARRIS, 
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1951b). Leptostrobus is indeed very different 
from any other known Ginkgoalean fructi- 
fication and together with its deciduous short 
shoots and forked linear leaves it presents such 
a unique combinationof reproductive and 
vegetative characters that it would in any case 
appear preferable to class it separately. 

5. The class Chlamydospermophyta in- 
cluding the Gnetales and the Welwitschiales 
has been placed between the Cycadophyta 
and Coniferophyta to bring it nearest to the 
Cycadeoideopsida which the two genera of 
this class resemble in their syndetocheilic 
stomata ( FLORIN, 1931, 1934) and, if Pearson 
(1909 6७ 1929, 9: 185) is arighta tay ne 
character of their “ tropophytes ” 

6. The Pentoxyleae are included under a 
class Pentoxylopsida under the Cycadophyta. 
They can for the time being consistently fit in 
with the present definition of Cycadophyta. 
Their liana-like polystelic stem structure has 
been compared with that of Medullosa by Ste- 
wart & Delevoryas (1956). The form and 
anatomy of their leaves are typically like 
those of the Cycadophyta. They also show 
some apparent resemblances to the male and 
female fructifications of the Cycadeoideales 
( MITTRE, 1954). 

A brief synopsis of the scheme proposed 
here is given below: 

Division — Cycadophyta 

Class 1 — Pteridospermopsida 
Order 1 — Lyginopteridales 
Order 2 — Medullosales 
Order 3 — Glossopteridales 
Order 4 — Peltaspermales 
Order 5 — Corystospermales 
Order 6 — Caytoniales 
Class 2 — Cycadopsida 
Order 7 — Cycadales 
Class 3 — Pentoxylopsida 
Order 8 — Pentoxylales 
Class 4 — Cycadeoideopsida ( Bennetti- 
topsida ) 
Order 9 — Cycadeoideales 
titales ) 

Division — Chlamydospermophyta 

Class 1 — Gnetopsida 
Order 1 — Gnetales 
Order 2 — Welwitschiales 

Division — Coniferophyta 

Class 1 — Coniferopsida 
Order 1 — Cordaitales 
Order 2 — Ginkgoales 

Class 2 — Ephedropsida 
Order 3 — Coniferales 
Order 4 — Ephedrales 


( Bennet- 


Class 3 — Czekanowskiopsida 
Order 5 — Czekanowskiales 
Class 4 — Taxopsida 

Order 6 — Taxales | 
It will be noticed that in the above scheme! 
the Caytoniales are retained within the! 
Pteridospermopsida. Harris ( 1940, 19518) 
has already pointed out that our knowl- 
edge of the Caytoniales is far from being! 
complete and all we know about them makes! 
them quite respectable Pteridosperms. Sepa- 
rating them from the other Pteridosperms! 
as done by Engler, Melchior & Wer- 
dermann (1954) but retaining the Corysto-| 
spermaceae ( THOMAS, 1933) and forms like 
Gnetopsis and Calathospermum ( WALTON,| 
1949) within that group would require a 
change in our conception of a Pteridospermi 
itself. It is, however, possible that we have | 
to regroup the Pteridospermopsida and the. 
Cycadopsida at a later date when more is; 
known about them. | 
The position of Glossopteris and Gangamo 
pteris ( along with some possible allied forms, 
e.g. Palaeovittaria and Rhabdotaenia) is a 
present uncertain. Plumstead (1957) in 
cludes them in a new class Glossopterida 
and places them between the Angiosperm 
and the Gymnosperms. Lam (1957) in 
cludes them in the Glossopteridales whic 
is made co-ordinate with the Pteridosper-f 
males and placed next to them. Theil 
leaf-attached fructifications recently describ-H 

ed by Plumstead (1952, 1956, 1957) un 
doubtedly constitute remarkable finds, but 
none of them so far shows any carbonized in 
crustation. That they are fructifications 0 
some kind is quite certain, but their inter 
pretation as female, bisexual (or male ? 
fructifications, as the discussions at the en 
of Mrs. Plumstead’s papers also show, i 
largely a matter of conjecture. The natur 
of the fructifications in the new fertil 
Glosso pteris, 


N 


tions, borne on a slender stalk arising from} 
the rachis ( midrib ), are already known td 
occur in the Pteridosperms, e.g. Diplopteri-] 
dium teilianum (Watton, 1931). Zeiller’s} 
Ottokaria ( ZEILLER, 1902) (with its stal 
appearing connected to the midrib of 
Glossopteris leaf) which assumes additiona 
significance in view of Plumstead’s publica- 
tions also looks like some laterally flattened 
male fructifications of the Pteridosperms. 
The microsporangiate discs described by, 
Pant (1957), if they have any connection 
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with Glossopteris, could also be compared with 
some male fructifications of the Medullosae, 
e.g. Potoniea. The epidermal structure of at 
least some species of Glossopteris ( PANT, 
1957) has Gymnosperm type of lignine 
lamellae. These occur in association with 
gymnosperm-like sporangia containing two- 
winged pollen grains and seeds containing 
similar two-winged pollen grains inside their 
micropyles. Similar-looking sporangia or 
seeds are found in association with Glosso- 
plerts in widely separated parts of the Gond- 
wanaland, e.g. Africa, India, Australia and 
South America. It is, therefore, possible 
that they belong to Glossopteris. The second- 
ary wood and solid-rayed stele of Verte- 
braria (WALTON & WILSON, 1932; Pant, 
1956) which is reported to bear Glossopteris 
leaves (ZEILLER, 1896; OLDHAM, 1897) 
could also suggest a Pteridosperm. Such a 
Glossopteris would resemble the Caytoniales 
in the venation of its leaves, their general 
cuticular structure, seeds, two-winged pollen 
grains and in having bud scales. The mode 
of attachment of the structures regarded as 
micro- and mega-sporophylls of the Cayto- 
niales is, however, not known. Moreover, 
association is weak evidence and it is also 
possible that these sporangia and seeds 
belong to some unknown plants whose other 
parts were not preserved. A number of 
fructifications have been attributed to Glos- 
sopteris from time to time on the evidence of 
association and it could even be that the 
form genus Glossopteris may include leaves 
of diverse plants. Till recently, out of the 
only two known cuticles of Glossopteris, the 
cuticle of the African leaf assigned to 
G. indica by Zeiller (1896) with its thick 
straight-walled cells appeared markedly dif- 
ferent from that of the Indian leaf attribut- 
ed to G. angustifolia by Sahni (1923). The 


author’s study of some African leaves, how- 
ever, suggests that thick-walled cells and 
stomata like those of Zeiller’s G. indica can 
occur, e.g. over the midrib of G. fibrosa whose 
stomata and epidermal cells over the lamina 
are somewhat comparable to those of Sahni’s 
G. angustifolia. The work of Srivastava 
(1956) and Surange & Srivastava (1956), 
no doubt, suggests generic differences within 
the leaf forms Glossopteris and Gangamopterrs 
but they suggest that such genera must have 
been closely related. 

Therefore, until more favourable attached 
fructifications are found, it would involve 
fewer difficulties if we retained the Glosso- 
pteridae or Glossopteridales in the Pterido- 
spermopsida instead of putting them in the 
spectacular position between the Gymno- 
sperms and the Angiosperms. 

Even otherwise the classification suggested 
above, as all classifications must be, is a 
tentative one. It will have to be modified 
as our knowledge of the Gymnosperms pro- 
gresses. It does not assign any position to 
the more incompletely known fossil form 
genera attributed to the Gymnosperms. For 
these a status quo can be maintained until we 
know more about them. And finally the 
name 7 Gymnosperms ”, although ousted 
from its traditional position in a natural 
classification, will, however, continue to be 
used as a common designation for all naked- 
seeded plants. Even. phylogenetically the 
name can serve to indicate the naked- 
seeded level in the evolution of the higher 
plants. 
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CONIFEROCAULON LATISULCATUM SP. NOV. FROM THE 
RAJMAHAL HILLS, BIHAR, WITH REMARKS ON THE 
AFFINITIES OF THE GENUS 


SAC AD AS NE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of a petrified wood referable from 
its external characters to Coniferocaulon Fliche is 
described. This genus has previously heen recorded 
from the Rajmahal Hills in the form of casts, but the 
anatomical details are given here for the first time. 
On the basis of these the affinities of the genus have 
been discussed. 

Coniferocaulon latisulcatum is closely comparable 
to some species of Mesembrioxylon Seward in having 
a narrow pith with scattered stone cells; uniseriate, 
low medullary rays; scattered xylem parenchyma; 
radial pits usually arranged in a single row, separate 
or contiguous, and circular, but sometimes flattened, 
rarely biseriate, opposite or sub-opposite; and in 
having pits with oblique pores in the cross-field. 
The wood is also closely comparable to that of 
Podocarpus ferruginoides Compt. 

The characters of this species of Coniferocaulon 
are, as a whole, more suggestive of a Podocarpinean 
affinity rather than Araucarian. 


INTRODUCTION 


to the genus Coniferocaulon is confined 

only to their external characters, ex- 
cept for some tracheids showing Abietineous 
pitting obtained by Stopes (1915, p. 163: 
TEXT-FIG. 47 ) from 3 Lower Greensand Cast. 
The stem is characterized by having its sur- 
face irregularly grooved in a transverse direc- 
tion with occasional elliptical protuberances. 

The first record of similar stem dates back 
to 1862 when Mackie figured a fossil Dragon 
tree from Kent which was later named by 
König as Dracaena benstedtii ( SEWARD, 1919, 
p. 445) noticing its resemblance to stems 
of Dracaena. Later Seward ( 1896, p. 216) 
pointed out its resemblance to stems of 
Zamia which do not retain the armour of 
leaf bases and gave a new generic name 
Benstedtia to avoid implication of relation- 
ship with modern genera. 

In 1900 Fliche figured stems with similar 
surface characters from the Lower Cretaceous 
of France as Coniferocaulon colymbeaeforme 
comparing them to the stems of Araucaria 
imbricata. Similar stems have been recorded 
by Seward from Uitenhage ( Wealden ) series 


()७ knowledge of the stems belonging 


of South Africa as Benstedtia sp. (1903, 
pp. 34-37) and from Sutherland as Conifero- 
caulon colymbeaeforme (1911, p- 690); the 
latter showing a small pith suggestive of 
conifer. 

From India similar stem impressions have 
been described by Bancroft ( 1913, 06 8 
73), and Sahni ( 1931, Pr. 12, Fic. 53, p. 78 ) 
from the Rajmahal Hills as Contferocaulon. 
Recently Gupta (1954, Pr. 30 ies 115 10 
p. 22) described similar impressions from 
Rajmahal under a new specific name, C. 
rajmahalense. 

From the above review it is evident that 
stems of this general type are described 
under two names, Benstedtia and Contfero- 
caulon. The former name is used for speci- 
mens where only the surface characters are 
preserved and their coniferous affinity cannot 
be established (they might be Cycadean ) 
Coniferocaulon is used for stems which show 
some indication of coniferous nature. 

A large number of stems showing external 
characters typical of Coniferocaulon were 
collected in the Rajmahal Hills. The major- 
ity of them are only preserved as casts. 
However, some specimens from Amarjola 
(Pr. 1, Fic. 1) are petrified, and fairly well 
preserved. The casts are very similar to 
those described by Bancroft (1913) and 
Sahni (1931) as Coniferocaulon sp. The 
petrifactions show certain external features 
fairly distinct from those of the specimens 
referred to Coniferocaulon rajmahalense and 
hence are described as 8 new species. This 
specimen was earlier (SAH, 1958, p. 337) 
reported as Coniferocaulon amarjolense. How- 
ever, a new specific name ‘ latisulcatum’ is 
now proposed, based on the characteristic 
external surface markings of the wood. 


Genus Coniferocaulon Fliche 
Contferocaulon latisulcatum sp. nov. 


Diagnosis — Stem surface irregularly groov- 
ed forming transversely elliptical but broad 
areas. Growth rings sharply marked. Pith 
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small, having rounded, nearly isodiametric 
cells and scattered stone cells; special hexa- 
gonal cells capping the secondary xylem 
wedges in the pith. Primary xylem present in 
groups at the internal end of the secondary 
xylem. Secondary xylem compact with well- 
differentiated early and late wood zones. 
Radial pits in early wood tracheids mostly 
uniseriate, circular, bordered, contiguous or 
separate; rarely biseriate, opposite or sub- 
opposite; contiguous and flattened. Pits in 
the late wood tracheids uniseriate, bordered, 
separate or contiguous. Medullary rays 1-8 
cells high, essentially uniseriate. Pits in the 
cross-field, 1-2, usually one, circular and 
bordered; pore oblique. Parenchymatous cells 
with transverse end walls fairly common. 

Locality — Amarjola, Amrapara, Santal 
Parganas, Bihar. 

Horizon — Rajmahal series. 

Collection — Holotype: Specimen No. 3341; 
preserved in the Museum of the Birbal Sahni 
Institute of Palaeobotany. 


DESCRIPTION 


The petrified stems from Amarjola show 
fairly well-preserved external features, but 
only one specimen ( PL. 1, Fic. 1) has well- 
preserved internal characters. The stem is 
cylindrical, 4-5 cm. long and about 2 cm. 
broad, with the surface bearing irregular 
ridges running transversely and enclosing 
elliptical areas. These areas are broader and 
fewer in number than those found in Coni- 
ferocaulon rajmahalense. Moreover, the pro- 
tuberances or depressions within these areas 
are not seen in the Amarjola specimens. 

Transverse Section — The stem (Pr. 1, 
Fic. 2) consists of a narrow pith surrounded 
by a broad, compact zone of secondary 
xylem, a thin band of phloem and bark. 

The outer region of the cork-cambium is 
not well preserved. Ray cells are crushed 
leaving big cavities. Rows of thick-walled 
cells of phloem are seen at some places alter- 
nating with these. Traces of cambium 
appear as tabular cells between the secondary 
xylem and phloem bands. 

The secondary xylem is compact with 
sharply marked growth rings ( PL. 1, Fic. 2 I" 
about 18 in number. Under the microscope 
the early and late wood bands are well differ- 
rentiated ( Pr. 1, Fic. 3; TEXT-Fic. 1 The 
early wood tracheids are slightly larger in 
size, thin-walled, longer than broad and 
vertically placed. The late wood tracheids 


are smaller in size, thick-walled and nearly 
rounded. The early wood tracheids are 
about three times as numerous as the late 
wood tracheids. A few thin-walled paren- 
chyma cells are irregularly scattered 
the secondary wood. Primary xylem: 15 | 
endarch, occurring in groups at the ends of | 
the secondary xylem wedged into the! 
pith. 
The pith is small ( PL. 2, Fic. 6), irregular | 
in outline, consisting mainly of large, thick- 
walled, rounded parenchyma cells. Some. 
thin-walled hexagonal cells are seen capping | 
the xylem wedges ( PL. 2, Fic. 5), A few 
stone cells occur scattered in the pith ( PL. 2, 
Fic. 6). | 

Tangential Section — The xylem rays are 
small, numerous, but not very crowded 
(PL. 1, Fic. 4). They are essentially uni- | 
seriate and 1-8 cells high (usually 4-6) 
The ray cells are small, slightly higher than 
broad, measuring 22 x 13 u ( TEXT-FIG. 2). 
Biseriate rays are rare. At some places 1-2 
pits may be seen in the tangential walls of | 
the ray cells, but none in the tangential walls 
of the tracheids. Parenchyma cells with 
transverse end walls are fairly common, some 
of them probably contained resin. 

Radial Section — Pitting in the radial walls 
of both the early wood and late wood tra- 
cheids is fairly well preserved. Pits in the 
early wood tracheids are mostly uniseriate, 
rarely biseriate, circular and bordered (PL. 2 
Fics 7-83) TEXT-Fres 3 ). When uniseriate, 
the pits are usually contiguous, though sepa- 
rate pits are not rare. When biseriate, they 
are opposite or sub-opposite, circular, conti- 
guous or separate, and flattened due to con- 
tact. The pits are fairly large, measuring 


12-15 y in diameter; pore circular and narrow, |} 


about 4 u across. Crassulae absent. 

In the late wood tracheids pits are uni- 
seriate, separate or contiguous and compara- 
tively smaller, 8-10 u in diameter ( Bra 
Fic. 9), with circular pores. Pitting in the 
protoxylem tracheids is not seen. | 

There is usually only one bordered circular | 
pit in the cross-field, almost occupying the | 
entire area (PL. 2, Fic. 10). Some rays || 
have two bordered, circular pits in each 
such field. The pore appears to be broadly | 
oval and slightly inclined (Text-ric. 4). || 

The pith cells are relatively thick-walled, 
parenchymatous, longer than broad or trans- 
versely compressed and packed in vertical | 
rows. The stone cells are much larger than | 
the pith cells and more thick-walled. i 
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TEXT-FIGS. 1-4—1, part of the secondary wood in transverse section showing well-marked growth 
late wood tracheids, larger and more developed; e, early wood tracheids, comparatively 
e X 450. 2, part of the seconda ० n tangential section showing uniseriate 
medullary rays (p, pits in ray cells). x 450. 3, part of the early wood tracheids in radial section 
showing uniseriate, circular pits. x 450. 4, part of secondary wood in radial section showing pits 
in the field. x 500. 
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COMPARISONS 


The fossil here described is characterized 
by its narrow pith with scattered stone cells; 
sharply-marked growth rings; uniseriate, 
low medullary rays; tracheids with uniseriate 
or sometimes biseriate opposite pits; 1-2 pits 
in the cross-field; and scattered parenchyma. 
It accordingly comes nearest to Mesembrio- 
xylon ( Podocarpoxylon of Gothan ) Seward 
(1919, pp. 173;°203 )= Similar characters 
are also sometimes found in the genus Dado- 
xylon ( Araucarioxylon), but in such cases 
the Araucarian pitting is predominant. 
Several species of Mesembrioxylon and Dado- 
xylon have been recorded from the Mesozoic 
and Tertiary formations of India ( SAHNI, 
1931; SURYANARAYANA, 1953, 1955; VERMA, 
1954 ), while only one species of Mesembrio- 
xylon and two species of Dadoxylon are so far 
known from the Rajmahal Hills ( SAHNI, 
1931; BuHarpwaj, 1953). In individual 
features Contferocaulon latisulcatum may well 
compare with some of these. 

Among the Rajmahal species of Dadoxylon 
( Araucarioxylon ), Coniferocaulon latisulca- 
tum resembles Dadoxylon jurassicum Bhar- 
dwaj (1953) only in its narrow pith with 
scattered stone cells and uniseriate, low 
medullary rays, while recalling D. rajmaha- 
lense Sahni (1931; SURYANARAYANA, 1955) it 
compares in possessing distinct growth rings 
and uniseriate, low medullary rays; and in 
having a single row of contiguous or separate 
pits in the radial walls of the tracheids. But 
both these species essentially differ from C. 
latisulcatum in having predominantly 2-3 
rows of alternate contiguous pits forming 
hexagons in the radial walls of the tracheids. 
In contrast to the other species of Dadoxylon, 
too, C. latisulcatum differs essentially in 
having uniseriate, separate, circular or some- 
times contiguous flattened pits in the radial 
walls of the tracheids. 

Coniferocaulon latisulcatum also resembles 
to a considerable extent some of the species 
of Mesembrioxylon. M. indicum Bhardwaj 
(1953) comes close to C. latisulcatum in 
possessing well-defined growth rings; uni- 
seriate, low medullary rays; 1-2 pits in the 
field with inclined pores; single row of sepa- 
rate, circular or sometimes contiguous flat- 
tened pits in the radial walls of the tracheids, 
and in the presence of stone cells in the pith, 
Coniferocaulon latisulcatum, however, differs 
in having well-differentiated early and late 
wood zones, xylem parenchyma, and some- 


times two rows of opposite or sub-opposite, 
contiguous and flattened radial pits, which ! 
in M. indicum are uniseriate and separate. 
Mesembrioxylon godaverianum Sahni (1931, | 
p. 59), a Jurassic species from Kota-Maleri | 
stage, resembles C. latisulcatum only in having | 
a single row of radial pits or occasionally two | 
rows of sub-opposite or even alternate pits. | 
The pits are, however, always circular in the 
former species, while in C. latisulcatum they | 
are usually contiguous and flattened when 
occurring in two rows. Mesembrioxylon 
godaverianum, moreover, differs in the absence | 
of growth rings, in the presence of abundant 
resin parenchyma and in having 2-6 pits in 
the cross-field. 

Mesembrioxylon parthasarathyi Sahni (1931, 
p. 60), another Jurassic species, differs in 
possessing faintly-marked growth rings; 
higher (1-18 cells) medullary rays; 2-6 pits 
in the cross-field; and in the radial pits being 
always in a single row. Mesembrioxylon 
schimidianum Sahni ( 1931, p. 54), a Tertiary 
species, is distinguished by its very high | 
medullary rays ( up to 100 cells ). 

As regards the foreign species, Conifero- 
caulon latisulcatum shows some resemblance 
to Mesembrioxylon ( Podocarpoxylon ) wobur- 
nense Stopes (1915, pp. 211-216; SEWARD, 
1919, p. 207) from the Lower Greensand 
of Bedfordshire, and Mesembrioxylon sp. 
(? Podocarpoxylon of Gothan) from the 
Bathonian rocks of Russian Poland ( SEWARD, 
1919, p. 206), in its well-marked growth 
rings and low medullary rays, as well as 
in having xylem parenchyma, separate or 
contiguous, slightly flattened bordered pits 
on the radial walls of the tracheids, and 1-2 
pits in the cross-field. They differ, however, 
from C. latisulcatum in having crassulae and 
bordered pits on the tangential walls of the 
tracheids. 

In respect to the living genera, the Amar- 
jola fossil approaches nearest to Podocarpus 


Jerruginoides Compt. ( GREGUSS, 1951, Pr. 21, 


Fics. 81-84, pp. 112, 113 ), in having sharply 
marked growth rings, uniseriate and low 
medullary rays and similar pitting in the 


radial walls of the tracheids. Podocarpus | 
Jerruginoides also has one or two pits 
in the cross-field with narrow inclined 
pores. 


On the basis of internal anatomy the 
Amarjola wood is thus closely comparable 
with Mesembrioxylon among the fossil 
genera and with Podocarpus among the 
living. 


SAH — CONIFEROCAULON LATISULCATUM SP. NOV. YS 


AFFINITIES 


From the structure of the wood there is 
no doubt that Coniferocaulon latisulcatum 
shows a close agreement with conifers. An 
Araucarian affinity for similar fossil woods 
was first suggested by Fliche (1900) who 
compared them with Araucaria imbricata, 
though enough support for this opinion was 
lacking. Stopes (1915, pp. 159-164), how- 
ever, found more definite evidence for their 
coniferous ( Abietinean ) affinity, in the pre- 
sence of uniseriate, bordered, separate and 
circular pits in some specimens labelled 
Benstedtia. Bancroft (1913), Sahni ( 1931 ) 
and also Gupta (1954) appear to be more 
in favour of their being coniferous. 

Coniferocaulon latisulcatum, however, shows 
closer affinities with Mesembrioxylon than 
with Dadoxylon ( Araucarioxylon). The 
genus Mesembrioxylon is considered to be 
composed mostly of Podocarpinean conifers, 


owing to the presence of podocarpoid pits 
(pore being narrow and inclined) in the 
radial walls of the medullary ray cells and in 
having uniseriate, low medullary rays. The 
almost complete absence of Araucarian 
arrangement of the radial pits and the pre- 
sence of podocarpoid pits in the radial walls 
of the ray cells in my specimen are more 
suggestive of Podocarpinean than Arauca- 
rian affinity. The close similarity of the 
Amarjola wood with that of Podocar- 
pus ferruginoides is another supporting 
evidence in favour of a Podocarpinean 
affınity. 
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EXPLANATION OF PLATES 


PLATE 1 
Coniferocaulon latisulcatum sp. nov. 


1. The stem showing the transverse grooves form- 
ing islands. Note the few and comparatively broader 
grooves. X 1. Loc. Amarjola. Reg. No. 3341. 

2. Transverse section of the stem showing a very 
narrow pith, surrounded by a broad zone of sec- 
ondary xylem. Note the sharpiy marked growth 
rings. X 8. Slide No. 3341/1. 

3. Transverse section of the stem enlarged to 
show the well-differentiated early and late wood 
tracheids. Note cells of part of cambium and cork 
cambium. x 90. Slide No. 3341/1. 

4. Tangential section of the secondary wood show- 
ing small and numerous medullary rays. Note the 
low height of the rays and ray parenchyma with 
transverse end walls. x 130. Slide No. 3341 es 


PLATE 2 
Coniferocaulon latisulcatum sp. nov. 
5. Transverse section of part of the pith, en- 


larged to show the thin-walled hexagonal 
capping the xylem wedges. x 500. Slide No. 
3341/1. 


6. The pith region of the stem, enlarged to show 
the primary xylem occurring in groups at the 
ends of the secondary xylem wedging into the | 
pith. Note the stone cells scattered between the 
pith cells. x 90. Slide No. 3341/1. 


7. Part of spring wood tracheids in radial section 
showing uniseriate, circular, or biseriate, subopposite, | 
contiguous, circular or flattened pits. x 500. Slide ! 
No. 3341/4. 


8. Part of the spring wood tracheids showing 
biseriate, opposite or sub-opposite, contiguous and 
flattened pits. x 500. Slide No. 3341/5. 


9. Part of autumn wood tracheids showing cir- | 
cular, separate or contiguous radial pits in a single | 
row. X 500. Reg. No. 3341/5. 

10. Part of medullary ray cells in radial section 
showing 1-2 pits in each field. x 500. Reg. No. 
3341/6. 
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STUDIES IN THE DECCAN INTERIRAPERAN FLORA 
3. ON A NEW SPECIES OF FOSSIL WOODS OF 
EUPHORBIACEAE FROM THE INTERTRAPPEAN 

BEDS OF MADHYA PRADESH 


U. PRAKASH 


Birbal Sahni Institute of Palaeobotany, 


ABSTRACT 
The paper describes a new species of fossil wood 
of Euphorbiaceae from the Deccan Intertrappean 
beds of Keria (21°5940’N.; 79°10115’E.) in Madhya 
Pradesh. The fossil wood is named as Euphorbio- 
xylon krauseli. 


INTRODUCTION 


IR HE present paper deals with a new 


species of fossil wood belonging to Eu- 
phorbiaceae collected from the Deccan 
Intertrappean beds of Keria ( 21°59’ 40’N.; 
79°10'15"E.) about two miles south-west 


of the well-known locality of Mohgaon 


Kalan in Chhindwara district of Madhya 


Pradesh. So far only two dicot woods have 
been reported from the Deccan Intertrap- 
pean series. They are Dryoxylon mohgao- 
ense ( RODE, 1936; PRAKASH, 1956) and a 


| Sonneratia-like wood (VERMA, 1950) both des- 


cribed from the locality of Mohgaon Kalan. 
As regards the fossil woods of Euphorbia- 
ceae from the Indian horizons, recently 
Ramanujam (1956) described three new 
genera from the Tertiary rocks of Mortrandra 
in the South Arcot district of Madras. They 
are Putranjivoxylon puratanam, Bridelioxylon 
cuddalorense and Glochidioxylon tertiarum 
showing resemblances to the modern genera 
Putranjiva, Bridelia and the wood-type of Glo- 
chidion group of the section Phyllanthoideae. 
The preservation of the fossil wood is quite 
satisfactory and the anatomical details are 
clear. At some places the presence of iron 
oxide enhances the clarity of its tissues. For 
a detailed study a number of sections were 
prepared by grinding from all the three planes. 


DESCRIPTION 
Genus — Euphorbioxylon Felix 
Euphorbioxylon krauseli sp. nov. 


The fossil wood consists of only secondary 
xylem. It is 9 cm. in length and about 7 cm. 
in diameter. It shows the structure of a 
diffuse-porous wood. 
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Growth rings are recognizable by the naked 
eye or through a hand lens ( PL. 1, Fic. 4 ) 
They are faintly marked. 

Vessels are visible to the naked eye as dots 
against the ground-tissue of the wood. They 
are numerous, medium-sized to small or very 
small, thick-walled, and round to oval in 
cross-section (Pr. 1, Fic.1). They are some- 
times solitary, but mostly in radial groups of 
2 to several members ( PL. 1, Fic. 1 elhe 
radial groups of 2-7 vessels are very common. 
Tyloses are lacking but the vessels are some- 
times plugged with a dark brown substance 
(Pr. 1, Fics. 1, 2). Perforations are simple 
and the perforation plates are generally 
horizontal but sometimes slightly inclined 
and frequently curved. The intervessel pits 
are quite distinct. They are vestured as 
well as bordered. The vestured pits (bir, 
Fic. 3) are medium-sized, somewhat alter- 
nate and arranged in more or less vertical 
rows. The bordered pits (Pr. 1, Fic. 8; 
TEXT-FIG. 1) are medium-sized and alternate. 
The aperture is linear to lenticular and usually 
horizontal, while the border is oval to slightly 
oblong. The vessel-ray pits are bordered 
CPE Tere 3: Texte? ), medium-sized, 
circular to slightly elongated and few per 
cell. The vessel-parenchyma pits are simple 
and also few per cell. 

Wood Parenchyma — It is impossible to 
locate the parenchyma by the naked eye. 
However, under the microscope it can be 
easily detected, although it is not Very 
well preserved. It is, however, present in 
limited amount. The parenchyma is of 
paratracheal type, which occurs in associa- 
tion with the vessels (PL. 1, Fic. 7: 
TEXT-FIG. 3) encircling them completely or 
partially. It is usually present in 1-2 layers 
of cells. The parenchyma cells are thin- 
walled, and those contiguous to the vessels 
are flattened to conform to the vessel-wall, 
while the rest are usually oval. Pits be- 
tween the parenchyma cells could not be 
detected. 
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5 7 


(Semi-diagrammatic camera lucida sketches ) 


TEXT-FIGS. 1-11 —1, magnified intervessel pits. 


showing vessel-ray pitting. x 386:5. 
chyma (pf). V, vessel; 7, ray. 


with mostly procumbent cells. x 146°5. 
10, fibres under high 
inter-fibre pits. x 386:5. 


Xylem rays are indistinct to the naked eye, 
but with a hand lens they are seen as radiat- 
ing lines on the transverse surface of the 
specimen. They are fine ( PL. 1, Fic. 2), 1-3 
seriate (mostly triseriate ), closely spaced 
and heterogeneous (PL. 1, Fic. 6). The 
rays are often fusiform (Pr. 1, Fic. 2) and 
divisible on the basis of size and composition 
into two types: (a) uniseriate rays — very 
few, consisting wholly of upright cells or with 
few procumbent cells ( TEXT-FIGs. ip 8h) 
(b) 2-3-seriate rays — quite common (Pr. 1, 
Fic. 2), consisting wholly of procumbent 
cells through the central portion and termi- 
nating above and below in uniseriate margins 


9, another ray showing end to end ray fusion. 
magnification, note their alignment, size and shape. x 240. 11, 


< 386°5. 2, radial longitudinal section of a vessel 


3, cross-section of the wood showing distribution of the paren- 
< 80. 4, uniseriate ray with upright cells only. x 146:5. 
uniseriate ray with both upright and procumbent cells. 
end cells and procumbent cells of varying size and shape. x 146°5. 
end cells and procumbent cells of varying size and shape. x 146°5. 


5, another 
6, biseriate ray showing upright 
7, triseriate ray showing upright 
8, a triseriate heterogeneous ray 
x 146°5. | 
magnified 


> 146-5. 


of 1 to several (up to 8) horizontal rows | 
of upright cells ( TEXT-FIGs. 6, 7). Usually 
there are only 1-3 horizontal rows of upright |] 
cells at the uniseriate margins of these rays. | 
Rarely these rays possess upright cells at | 
only one of their margins ( TEXT-FIG. 8). | 
Frequently end to end ray fusions by the || 
upright cells are also seen forming compound 
rays( Pri 1) Fie. 2; TEXT-FIG.9). Theraysare | 
3-44 cells in height. The ray cells are slightly 
thick-walled ( Pr. 1, Fic. 2) and sometimes 
loosely arranged. Some of them contain some 
deposits. The ray cells show few simple pits. | 

Fibres are well preserved only at some 
places and occur continuously throughout 


the wood, arranged in distinct radial rows 
CPL. 1, Fic. 7). They are semi-libriform to 
libriform. In cross-section, the fibres are 
round to oval or sometimes shghtly angular 
meet. 1, Pre. 7; Texr-ric. 10) with fairly 
thick walls. They also show variation in 
size. The fibres are septate and show 
gradual tapering at their ends ( PL. 1, Fic. 2 iy 
The interfibre pits are more conspicuous 
on the radial than on the tangential walls. 
They are simple, rounded and many per cell 
(TEXT-Fic. 11), 

Ripple marks are absent. 

Gum canals are absent. 


COMPARISON AND DISCUSSION 


So far only a few fossil woods of the family 
| Euphorbiaceae are known from the Tertiary 
formations. They are Euphorbioxylon specio- 
Isum (FELIX, 1888) from the Tertiary of 
(Columbia, Dryoxylon  drypeteoides ( BAN- 
CROFT, 1932) from the Miocene (?) beds of 
East Africa, Phyllanthinium pseudo-hobashi- 
vaisht (OGURA, 1932; WATARI, 1943) from 
the Tertiary of Japan, Euphorbioxylon lefran- 
cu ( BOUREAU, 1951) from the Tertiary of 
Algeria, Heveoxylon microporosum ( KRUSE, 
1954) from the Eocene of Eden Valley, 
Wyoming, Putranjivoxylon puratanam, Bri- 
delioxylon cuddalorense, and Glochidioxylon 
tertiarum from the Tertiary rocks ( ? Cuddalore 
series ) of South India ( RAMANUJAM, 1956 ). 

Amongst the Euphorbiaceous fossil woods 
described from India, only Bridelioxylon 
cuddalorense Ramanujam from South India 
resembles Euphorbioxylon krauseli in the 
presence of radial vessel groups, in the ves- 
tured intervessel pits, and in having thick- 
walled, septate fibres. However, it differs 
from E. krauseli in having diffuse paren- 
chyma in addition to vasicentric type and in 
1-4-seriate, heterogeneous xylem rays. In 
E. krauseli, the parenchyma encircles the 
vessels completely or partially and the xylem 
rays are 1-3 seriate, heterogeneous and often 
with somewhat loosely arranged cells. 

Among the fossil woods of Euphorbiaceae 
lescribed from outside India, the only 
somparable ones are Dryoxylon drypeteo- 
des ( BANCROFT, 1932) and Phyllanthinium 
bseudo-hobashiraisht ( OGURA, 1932; WATARI, 
1943 ). 

en drypeteoides Bancroft from the 
Miocene (?) of Africa resembles Euphorbio- 
ylon krauseli in the nature of the vessels 
nd in the rays. However, the African species 
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differs greatly in the presence of fine, uni- 
seriate, closely set, tangential lines of paren- 
chyma, and in the absence of vestured inter- 
vessel pits. 

Phyllanthinium pseudo-hobashiraishi Ogura 
from the Tertiary of Japan resembles Eu- 
Phorbioxylon krauseli in the presence of 
growth rings and somewhat in the nature of 
parenchyma and rays. However, it differs 
from the present fossil wood in having large 
to medium-sized vessels, usually in groups 
of 2-4 cells, and in the absence of vestured 
intervessel pits. Moreover, the vessels in 
P. pseudo-hobashiraishi are profusely tylosed 
and the parenchyma is crystalliferous. 

Comparison with the Living Species — The 
structural features of the present fossil wood 
are such as are very commonly met with in 
a number of dicotyledonous families. The 
occurrence of vestured pits on the vessel- 
walls, however, is a very significant feature. 
These pits are reported in the secondary 
wood of genera of twenty-four dicotyledonous 
families (METCALFE & CHALK, 1950, vol. D. 
p. 1350). The important families are Com- 
bretaceae, Euphorbiaceae (only in Bridelia 
and Cleistanthus ), Leguminosae, Myrtaceae, 
Lythraceae and Sonneratiaceae, etc. 

Considering the important characters of 
the fossil wood, viz. vessels sometimes soli- 
tary but mostly in radial groups, vestured 
type of intervascular pitting, limited para- 
tracheal parenchyma completely or partially 
encircling the vessels, heterogeneous xylem 
rays and thick-walled, septate fibres, two 
families (out of twenty-four families with 
vestured pits ) are known which possess these 
characters in a manner somewhat similar to 
that exhibited by the fossil specimen. These 
families are Euphorbiaceae and Oleaceae. 
The family Oleaceae is characterized by ring- 
porous or semi-ring-porous woods and typi- 
cally small vessels ( except Linociera ) which 
are often dentritic. In this family the genus 
Forestiera only possesses vestured pits. But 
in Forestiera the fibres are unseptate and the 
rays sometimes possess 4-10 marginal rows 
of square or upright cells (METCALFE & 
CHALK, 1950, vol. 2, pp. 897-899). This 
family, therefore, can easily be eliminated. 

On the other hand, the family Euphorbia- 
ceae shows the important characters of the 
fossil wood. The woods of Euphorbiaceae 
show markedly heterogeneous characters and 
are grouped under the following four types 
on the basis of their anatomical features 
( METCALFE & CHALK, 1950, vol. 2, pp. 1208, 
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1209). They show marked differences parti- 
cularly in the parenchyma pattern and ray 
characters. 

1. PHYLLANTHOIDEAE: 

(a) Group À ( Aporosa Type) 
(b) Group B (Glochidion Type ) 
(c) Group C (other Phyllanthoideae ) 

2. CROTONOIDEAE 

The combination of the anatomical features 
exhibited by the Intertrappean fossil wood 
indicates a definite relation with the wood 
of Glochidion type of the family Euphorbia- 
ceae. The Glochidion type of wood structure 
is found in the genera Bischofia, Glochidion, 
Phyllanthus, Antidesma, Acalypha, Aporo- 
sella, Hymenocardia, Bridelia and Cleistan- 
thus. A comparison with the above genera 
reveals that the fossil wood shows resem- 
blance to the genera Bridelia and Cleistan- 
thus in size and arrangement of the vessels, 
vestured intervessel pitting, fibres and the 
parenchyma ( METCALFE & CHALK, 1950, 
vol. 2, p. 1220, Fic. 2931); Janssonius, 1930, 
vol. 10, pp. 480-491, 494-505, Fics. 318, 319: 
PEARSON & Brown, vol. 2, pp. 875-877, 
Fic. 273). I have also cut and examined 
the sections of the living woods of Bridelia 
vetusa, B. tomentosa, B. stipularis, Cleistan- 
thus collinus and C. myrianthus. 

The genus Cleistanthus, however, differs 
from the fossil in its minute intervessel pits 
and the type of medullary rays which are 
usually very long and often uniseriate. The 
genus Bridelia, on the other hand, resem- 
bles more the fossil wood although it also 
shows some differences. The points of simi- 
larity (especially of B. stipularis and B. 
tomentosa ) with the fossil wood are: (1) the 
diffuse-porous nature of the wood and the 
presence of growth rings; (2) medium-sized 
to small or very small vessels, arranged in 
radial groups, or isolated; (3) the presence 
of vestured and bordered intervessel pits; 
(4) the presence of thick-walled, septate 
fibres; and (5) the presence of fine, 1-3-seriate, 
heterogeneous medullary rays. However, the 
living wood of Bridelia slightly differs from 
the fossil wood in the nature of parenchyma, 
The wood of Bridelia, besides having para- 
tracheal parenchyma, usually also possesses 
some scattered cells of parenchyma. It is, 
therefore, quite obvious that the present fossil 
wood, although showing a near approach to 
the genus Bridelia, does not resemble it in 
each and every respect. 

As the present fossil wood is a member of 
Euphorbiaceae with a nearest approach to 


genus Bridelia, hence it is described under 
the genus Euphorbioxylon Felix. It is speci- 
fically named as Euphorbioxylon krauselt 
sp. nov., after Krausel. 

Diagnosis — Growth rings faintly marked. 

Vessels 16-40 per sq. mm., medium-sized 
to very small, 29-164 u in tangential diameter, 
22-199 u in radial diameter, solitary and in 
radial groups of 2 to several vessels, radial 
groups of 2-7 vessels common, thick-walled, 
round to oval; tyloses absent; vessels some- 
times plugged with a dark brown deposit; 
perforations simple, perforation plates hori- 
zontal to slightly inclined and frequentl 
curved; intervessel pits vestured and border- 
ed; vessel-ray pits bordered and few per cell; 
vessel-parenchyma pits simple and few pe | 
cell. 

Wood parenchyma limited, paratracheal; 
parenchyma cells in 1-2 layers, thin-walled, 
oval to slightly elongated; pits between th 
parenchyma cells not seen; cells about 18 t 
28 u. in diameter. 

Xylem rays moderately numerous, closely 
arranged, 10-13 per mm.; heterogeneous; fine, 
1-3-seriate (mostly 3-seriate), 21-50 u i 
width; 3-44 cells in height, 128-880 u in 
length; uniseriate rays few, composed wholly 
of upright cells or both upright and procum- | 
bent cells; 2-3-seriate rays common with 1 to | 
several marginal rows of upright cells and 
procumbent cells in the middle, rarely up- 
right cells present at only one end, end to end] 
ray fusion frequent; ray cells slightly thick- 
walled, sometimes filled with some deposit. | 

Wood fibres semi-libriform to libriform,| 
thick-walled, round to oval or sometimes 
angular, arranged in distinct radial rows of 
short to medium length, 720-1040 u; typically 
septate; interfibre pits simple, rounded and 
many per cell. 

Locality — Keria in Chhindwara district 
of Madhya Pradesh. 

Age — Early Tertiary. 

Type Specimen — B.S.1.P. No. 5587. 
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EXPLANATION OF PLATE 1 


Euphorbioxylon krauseli sp. nov. 


1. Cross-section showing the size and distribution 
of vessels (v). Note the radial vessel groups. 
32. 

2. Tangential longitudinal section showing the 
distribution and nature of the rays. x 52. 

3. Vestured intervessel pits highly magnified. 
x 840. 

4. Cross-section of the fossil under low magni- 
fication to show the gross structure. X 255. 


5. Radial longitudinal section showing vessel- 
ray pitting. X 465. 

6. Radial longitudinal section showing the hetero- 
geneous nature of xylem rays. X 85. 

7. Cross-section enlarged to show the nature of 
parenchyma (p). Also note thick-walled fibres. 
3 
8. Bordered intervessel pits highly magnified. 
x 840. 


STUDIES ON THE FOSSIL FLORA OF NIPANIA ( RAJMAHAL 
SERIES), BIHAR —CONIFERALES 


VISHNU-MITTRE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Besides adding additional information about the 
morphology of the already known silicified remains 
from Nipania, viz. Nipaniostrobus sahnii Rao, 
Masculostrobus vajmahalensis Rao, Nipanioruha 
granthia Rao, new material described includes 
Masculostrobus podocarpoides sp. nov., M. sp. 
Nipaniostrobus pagiophylloides sp. nov., N. aciculi- 
folia sp. nov., Nipanioruha lanceolata sp. nov. and 
N. curvifolia sp. nov.; Mehtaia vajmahalensis gen. 
et Sp. nov., M. nipaniensis sp. nov., M. santalensis 
Sp. nov.; Sitholeya vajmahalensis gen. et sp. nov.; 
Indophyllum sahnii gen. et sp. nov., I. raoi sp. nov., 
I. nipanica sp. nov.; Elatocladus sahnii sp. nov., 
Brachyphyllum florini sp. nov.; Pagiophyllum 
araucaroides Sp. nov. Fossil history of Podocarpa- 


ceae 15 also discussed. 
A fers from Nipania was first made by 
Rao in 1935. In 1936 Rao reported 
winged pollen grains from Nipania which 
were later described under three new names, 
Alisporites jurassicus Rao, A. auriculi- 
Jormis Rao and Pityosporites nipanica, and 
three-winged pollen grains under the name 
Podosporites tripakshi Rao (Rao, 1943b ) 
Petrified conifer strobili, both male and 
female, were reported by Rao in 1938; the male 
were later described under the name Masculo- 
strobus vajmahalensis Rao and the female 
as Nipaniostrobus sahnii Rao ( Rao, 1943 ) 
A petrified conifer shoot under the name 
Nipanioruha granthia Rao was described by 
Rao in 1946. He also mentioned the prob- 
ability that the male cones M. rajmahalensis 
and the female cone Nipaniostrobus sahnii 
belonged to the shoots of Nipanioruha gran- 
thia, although a little later he (Rao, 1949) 
reported a megastrobilus of N. granthia which 
was shown to be somewhat different from the 
seed-cones of Nipaniostrobus sahnii. The oc- 
currence of the shoots of Brachyphyllum in the 
Nipania chert was reported by Rao in 1949. 
Further contribution to our knowledge of 
the winged pollen grains from Nipania was 
made by me ( VISHNU-M1TTRE, 1953, 1954a ye 
In 1956 I described under the name Masculo- 
strobus sahnit Vishnu-Mittre petrified male 


INTRODUCTION 


PRELIMINARY report of fossil coni- 


cones from Nipania producing three-, one- 
and four-winged abnormal pollen grains 
( VISHNU-MITTRE, 1956). Recently an arau-| 
carian cone-scale under the name Arauca- 
rites nipaniensis Singh has been described | 
from Nipania ( SINGH, 1956 ) 

Since the publication of the revisions of | 
the Indian fossil conifers by Sahni in 1928! 
and 1931, contributions to the silicified! 
conifer remains from the Rajmahal series in 
addition to those mentioned above have been 
made by Bhardwaj (1952, 1953), Bose! 
(1952), Bose & Hsü (1953), Vishnup 
Mittre (1954) and Sah ( 1956, unpublished ) 
and from the other Jurassic localities in || 
India by Suryanarayana (1953 ). 

The present paper describes several new 
conifer remains from Nipania in addition to 
the already known ones towards the knowl- | 
edge of which more information has been 
added. In the following pages are des- 
cribed two new species of Masculostrobus, 
M. podocarpoides. and M. sp.; two new species ॥ 
of Nipaniostrobus, N. pagiophylloides and 
N. aciculifolia; two new species of Nipa-! 
nioruha, N. lanceolata and N. curvifolia: | 
and a species of Brachyphyllum, B. florini. || 

The paper advances our knowledge of the 
seed-cones of Nipaniostrobus sahnii with || 
respect to the form and size of the cone, the | 
attachment, vascular supply and the exact |] 
nature of the cone-scales, and also the epi- || 
dermal characters of the bract-scales.. The | 
fructifications of Nipanioruha granthia are || 
also described. In the light of the new in- | 
formation now available emended diagnosis |} 
is given for the genus Nipanioruha and the 
species N. granthia Rao. 

Besides the already known conifer remains, 
the new material is described under the 
following names: 

1. Mehtaia gen. nov., a genus of Phero- | 
sphaera-like seed-cones comprising three new 
species, M. rajmahalensis, M. nipaniensis and | 
M. santalensis. | 

2. Sitholeya gen. nov., a genus of Podo- | 
carpus or Dacrydium-like single-seeded fructi- | 
fications, comprising a single species, S. | 
rajmahalensis sp. nov. 


Seward 


| cheids are not noted in this region. 
1 tissue of this swollen region compares very 


| are hypopeltate and bisporangiate. 
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3. Indophyllum gen. nov., a genus of Brachy- 
phyllum-Pagiophyllum-like shoots possessing 
podocarpinean type of stomata, comprising 
three new species, I. sahnii, I. raoi and 
I. nipanica. 

Two new species, one each of the genera 
Pagiophyllum, P. araucaroides, and Elato- 
cladus, E. sahnii, are also described. 

Material and methods are the same as 


: reported earlier ( VISHNU-MITTRE, 1956 ). 


DESCRIPTION 


Podocarpaceae 
1. GENUS Masculostrobus SEWARD 


The literature on the genus Masculostrobus 
has recently been reviewed by 
Vishnu-Mittre (1956). Two species, Mas- 
culostrobus rajmahalensis Rao ( Rao, 1943 ) 
and M. sahnii Vishnu-Mittre, are known from 


| Nipania. 


The cones and the cone-bearing shoots des- 
cribed under the names M. podocarpoides 


sp. nov. and M. sp. are fairly small in size. 


The cones are oblong or cylindrical in shape. 


| The spirally arranged sporophylls are hypo- 
| peltate, hyposporangiate and bisporangiate. 


The pollen grains are two-winged. 


(i) Masculostrobus rajmahalensis Rao 


Amongst about a dozen cones, one ( TEXT- 


| Fics. 1, 2) shows a peculiar swollen region 


towards its base. The swollen region con- 
sists of two large sac-like bodies in which 


some pollen grains are also seen. The tra- 
he 


much with that of the intercalary swellings 


of Nipanioruha granthia Rao ( Rao, 1946) 
and the swollen region of the cone-axis is, 


therefore, believed to be a similar swelling. 
(ii) M. podocarpoides sp. nov. 
Rin Riesa, 2; 16४७-७७, 3, 4 


Diagnosis — The male cones, about 13 x 1-5 
mm., are long and slender. The thick cone- 


‚ axis bears short, triangular, densely and 
| spirally arranged cone-scales. 
| of the cone-scales, about 1 mm. long, are 


The free ends 


acuminate, acute, upturned and overlapping 
those above. The scales with even बा 

€ 
microsporangia, 550-750 x 400-500 wu, are 
broadly ovoid and thin-walled. 


The pollen grains ( TEXT-FIG. 4), 48-51 x 
27-30 u (including wings ) and 18-21 x 27- 
30 u without wings, are two-winged. Wings 
are large, bladdery with faintly reticulate 
meshes and are attached on the ventral sur- 
face of the body. A distinct furrow between 
the wings is noted. Body is oval. 

Comparison — The cones differ from those 
of the other species of Masculostrobus in 


3 


TEXT-FIGS. 1-4 — 1, 2, Masculostrobus rajmaha- 
lensis Rao. 1, a male cone with a probably swollen 
axis. X 9. 2, two-winged pollen grains from above. 
x 500. 3, 4—Masculostrobus podocarpoides sp. 
nov. 3, the type specimen. x 8. 4, pollen grains 
from above. X 470. 
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cylindrical form, slender nature and the large 
size. 

Cylindrical male cones in the living coni- 
fers are produced by the Araucariaceae and 
Podocarpaceae. In their slender nature, 
short bisporangiate scales and the winged 
pollen grains the fossil cones resemble cones 
of the Podocarpaceae rather than those of 
the Araucariaceae. 

Amongst the Podocarpaceae the male 
cones of the genus Podocarpus and certain 
species of Dacrydium are comparatively much 
longer than those of the other genera. In 
the bladdery wings on the pollen the fossil 
cones are comparable with the cones of 
Podocarpus than those of Dacrydium, the 
grains of which have flaccid wings. A 
cursory comparison of the specimen with 
some of the male cones of Podocarpus figured 
by Wilde ( 1944, pp. 14-16) further points to 
the podocarpinean affinities of the male cones. 


(iii) Masculostrobus sp. 
PMR ESS 


Fertile shoots, about 3 x 1-5 mm., with a 
partly preserved and crushed apical male 
cone, bearing short scale-like, closely over- 
lapping leaves; margin of the leaf entire, 
apex acute. Leaves more or less triangular 
in cross-section, sharply keeled, upper surface 
concave with a central raised area abutting 
on the vascular bundle. Leaves traversed 
by a single vascular bundle overlying a resin 
cell and accompanied by a patch of trans- 
fusion tissue on either side. 

Male cone, about 2 mm. long, sporophylls 
short, closely overlapping, with upturned 
apices. Microsporangia crushed, two per 
scale. Pollen grains, 54 x 36 u, two-winged. 
Wings collapsed, faintly reticulate. Body 
spheroidal. 

Description and Comparison — M. sp. is 


represented by two fragmentary shoots. In 


general morphology of the leaves the shoots 
approach those of Indophyllum sahnii des- 
cribed on p. 101 in this paper, but their 
epidermal characters are not known. The 
occurrence of two-winged pollen grains, short 
scale-like overlapping leaves and the trans- 
fusion tissue with a single resin cell in the 
specimens points to podocarpinean affinities, 


2. GENUS Nipaniostrobus (RAO) EMEND. 


Under the genus Nipaniostrobus Rao 
(1943b) are included petrified megastrobili 


bearing single-seeded, spirally arranged scales, 
each with a slightly dorsiventral seed partly 
enclosed within the scale. The micropylar 
region of the ovule is strongly curved tos | 
wards the cone-axis and the integument is 
two-layered but not fleshy. | 

The genotype Nipaniostrobus sahnii ( Rao, | 
19430 ) was based on an obliquely cut cross- | 
section of a solitary fossil strobilus and a 
detached seed-scale. N. sahnii Rao was | 
described as a lax strobilus (size and form | 
unknown ) with loosely arranged ovuliferous | 
scales (attachment of scales unknown); 
ovules borne on the adaxial side of the scale, | 
free except at the point of attachment, the | 
posterior part of the ovule enclosed in the 
scale filling its entire thickness. The scale 
in N. sahnit was assumed to be double and | 
an epimatium-like organ was believed to be 
present as in modern Dacrydium. The vas- | 
cular supply in this species was unknown. 

The present study of the genus Nipanio- 
strobus is based upon more than a dozen seed- 
cones and two cone-bearing shoots. Some of 
the seed-cones are lax, while several others 
are compact. Three layers in the integu- 
ment are distinguished instead of the two as 
described by Rao ( 19439 ). 

The nature of the cone-scale is interpreted 
in accordance with Florin’s (1951) recent 
conception of the conifer cone-scales. The 
seed-scale complex in Nipaniostrobus is 
very much reduced. The megasporophyll, 
bearing the ovule terminally, is extremely 
reduced with a rudimentary axis. The 
distal sterile part of the flower is seated | 
immediately above the ovule and is folded | 
back over it forming a special covering en- | 
closing about one-third of the ovule. Ac- 
cording to Florin (1951, pp. 364, 365) this | 
sterile part of the flowers of Podocarpaceae | 
is epimatium. According to Rao the sterile 
part of the ovule is the ovuliferous scale or 
the apical knob and the thin flap-like struc- 
ture passing over the ovule to some distance 
is the epimatium (Rao, 1943b, p. 116% 
This thin flap is, in fact, the extension of the 
sterile part of the ovule and is not a distinct 
structure to deserve a different name. 

Under the genus Nipaniostrobus, Rao also 
described certain seed-cones bearing single- 
seeded scales each with an erect ovule. The 
morphology of these seed-cones, as studied 
in the light of new and more material now 
discovered and described elsewhere in these 
studies, does not support their retention in 
the genus Nipaniostrobus. These seed-cones 


। ventral. 
| immediately above the ovule and forming a 
| covering enclosing about one-third of the 
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are, therefore, segregated from the genus 
Nipaniostrobus and have now been described 
under a new genus Mehtara (see pp. 88-95 ). 

There is no other fossil on record with which 
these seed-cones may be compared. The 
comparisons of MNipamostrobus with the 


‚living conifers were dealt with in detail by 
Rao ( 1943b, pp. 125-127). 


The seed-scale 
complex of Nipaniostrobus can be compared 
with that of Dacrydium, Podocarpus spicatus 
and P. andinus, though in Dacrydium well- 


| defined megastrobili are not met with today. 


In Dacrydium the whole megastrobilus is 
reduced to a single-seeded scale. 


GENUS Nipaniostrobus ( RAO) EMEND. 


Emended Diagnosis — Shoots with short 


| to linear, decurrent leaves slightly spreading 
or loosely overlapping. Each leaf single- 


veined with transfusion tracheids. Meso- 
phyll loose and spongy. The epidermal 
cells rectangular to cubicular, straight-walled 
to slightly sinuous. Stomata vertical to 


| oblique, regular or irregular, in short or 
long rows, orientated along the length of 


the leaf. 
Megastrobilus loose or compact, conical, 


oblong or cylindrical, consisting of several 
| spirally attached bracts each with an axillary 
| seed-scale complex. 


Each seed-scale com- 
plex, single-seeded, very much reduced, seed 
borne on an extremely reduced megasporo- 
phyll. Seeds horizontal, inverted, dorsi- 
The sterile part of the flower seated 


ovule. Nucellus free to the base. Micro- 
pyle strongly curved and facing the cone- 
axis. Integument two- to three-layered. 


| The epidermal cells on the cone-scale rect- 
angular with undulating walls. Stomata ver- 
tical or oblique in longitudinal rows. ‚The 
| vascular supply to the cone-scale bifurcating 
at its base — the main supply reaching the 


apex of the seed-scale while the lateral branch 


| further dichotomizing close to the point of 


attachment of ovule to the scale and supply- 
ing a branch each to the epimatium and 
ovule. The ovular supply forming a tra- 
cheidal pad at the base of the ovule. 


(i) Nipaniostrobus sahnii (Rao ) emend. 
Pls. 1, 2, Figs. 4-14, Text-figs. 5-15 


Size and Form — The megastrobili, 0-5-1:6 
cm. long and 0-3-0:8 cm. broad, are conical, 


oblong ( PL. 1, Fıc. 4) or cylindrical ( Pr. 1, 
Fic. 6) in shape. The cones are fairly com- 
pact or lax (PL 1 Fies: #8) 

The Peduncle — The peduncle of the cone 
is fairly thick, 4x 2 mm., and bears the 
remains of decurrent leaf-bases. The tra- 
cheids in the peduncle possess scalariform 
thickening and the uniseriate, flattened 
bordered pits with an oval pore. 

The Cone-axis — The cone-axis in cross- 
section shows a broad pith surrounded by a 
ring of vascular bundles, four to five in 
number, each accompanied by a resin cell 
(Pre 20 res 10,511): 

The Cone-scales — The bract-scales, 10-30 
or more in number, and borne either at right 
angle to the cone-axis or obliquely forming 
an acute angle with the cone-axis which is 
generally seen in the apical region of the 
cone ( PL. 1, Fics. 4-8). Each scale extends 
horizontally to about half of its length and 
then bends upwards with its free end over- 
lapping the scales above and terminates in 
an acute apex. The free distal part of the 
cone-scale nearly as broad as long measures 
0-15 cm. in length and 0-1 cm. in breadth. 
The bract-scale is the broadest in the middle 
region where the proximal region of the ovule 
is lodged. Each seed-scale complex consists 
of a single ovule borne on a very much 
reduced megasporophyll occupying about 
half of its length and freely lying on the 
adaxial face of the horizontal part of the 
bract-scale and partially enclosed by it 
(Text-Fics. 5, 6). The sterile part of the 
ovule is seated immediately above the ovule 
on its proximal side and is folded back 
over the ovule covering about one-third of 
the proximal region of the ovule. In some 


6 


TExT-FIGS. 5, 6 — Nipaniostrobus sahnit Rao 
emend. Two seed-scale complexes showing a bract- 
scale (by. sc.) and the sterile part (s). x 22. 
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ovules the sterile part is divided into several 
segments, but no vascular supply is noted in 
any of the segments ( TEXT-FIG. 6). 

A bract-scale is traversed by a single un- 
branched vascular bundle on either side of 
which two to four layers of the transfusion 
tracheids are present ( TEXT-FIG. 7). The 
thick cuticle is followed by a single layer of 
epidermis which is lined by a single layer 
of broad, cubicular palisade-like cells. It is 
then followed by spongy tissue made up of 
shorter cells. The sterile part of the ovule 
is very much similar in its histology to that 
of the seed-scale. 

Epidermal Cells and Stomata — The epider- 
mal cells on the bract-scales are rarely pre- 
served. Very often the epidermal cells, if at 
all preserved, are devoid of the cross-walls. 
Where preserved, the epidermal cells seem 
to be somewhat elongated, rectangular and 
with slightly undulating walls ( Text-Fic. 9 ) 


\ 
8 1 


TEXT-FIGS. 7-10 — Nipaniostrobus sahnii Rao. 
7, vertical section of a bract-scale showing tra- 
cheids surrounded by transfusion tissue. X 225. 
8, showing the distribution and orientation of the 
stomata on the upper as well as the lower flank 
of a bract-scale. x75. 9, a part of epidermis 
showing the epidermal cells and a stoma. x 225. 
10, a stoma showing the polar and the lateral 
thickenings. X 375. 


The stomata, the lateral thickenings 
the suberized polar areas of which only are 
preserved, are vertically and or obliquely 
orientated parallel and along the length of 
the scales ( Pr. 1, Fic. 9; TEXT-FIG. 8). The 
transversely orientated stomata are not! 
noted. The stomata are confined into short 
and long files, up to 3-4 of which are noted | 
on the upper flank of the bract. Occasion- 
ally few stomata are also noted on the 
lower flank on the bract-scale. Each file) 
is single-stoma thick. The subsidiary cells: 
are not preserved. The stomata measure! 
from 34 to 38 u in breadth. 

The stomata are not observed on the 
sterile part of the seed-scale complex. | 

The Ovule — The ovules, 1-1-5 x 0:50-1. 
mm., are horizontally placed except those in 
the apical region of the seed-cone where they 
seem to be inverted (PL. 1, Fics. 4, 8).| 
The micropyle and its structure are the same | 
as described by Rao ( 19439, pp. 118-120 ). 
Two layers of the integument are as pre- 
viously described by Rao ( 1943b, pp. 118- I 
120). In surface view the cells of the outer 
layer are polygonal in shape and placed end 
to end in regular rows ( Pr. 2, Fıc. 12 ). The 
cells of the inner layer are thick-walled, 
polygonal or flattened in cross-section (‚Pr 
Fic. 14) and elongated in vertical section 
(PL. 2, Fic. 13). In several ovules the 
outer layer of the integument is surrounded 
by a well-defined single-celled epidermal 
layer which is surrounded by an undif- 
ferentiated layer (Pr. 1, Fıcs. 13, 14 ). 
It shows that the integument was three- 
layered with the outermost layer probably 
fleshy. 

The Vascular Supply ( Texr-r1cs. 11-15 ) — 
The seed-scale complex receives a single vas- 
cular supply which terminates at a little dis- 
tance below the apex of theseed-scale. A little |] 
distance below the point of attachment of 
the ovule to the scale it bifurcates. The main 
vascular supply terminates near the apex of || 
the seed-scale. The lateral branch enters | 
the sterile part of the ovule where it bifur- | 
cates either soon after entering the sterile 
part of the ovule or after it has traversed a 
little distance. The lateral branch that it 
gives off stops short at the base of the ovule 
where the tracheids spread out and form 
a sort of a tracheidal pad ( TEXT-FIGs. 
14,15). The other branch terminates in the 
middle of the sterile part of the ovule. 
The vascular supply is not noted in the 
integument, 


VISHNU-MITTRE — STUDIES ON THE FOSSIL FLORA OF NIPANIA 87 


A 


TEXT-FIGS. 11-13 — Nipaniostrobus sahnii Rao. 


complexes. X Ca. 35. 


The tracheids in the scale, sterile part of 
the flower or at the base of the ovule, possess 
scalariform pitting only. 

Emended Diagnosis — Shoot or foliage un- 
known. Seed-cone, 0-5-1:-6 x 0-3-0:8 cm., 
conical, oblong or cylindrical, loose or com- 
pact with the free parts of the cone-scales, 
1-2 x 0-5-1 mm., overlapping each other. 
Ovules 1-1-5 x 0-5-1 mm. Stomata 34-38. x 
18-22 u, on the upper flank of the cone-scale, 
disposed in three-four short and long 
files, orientated vertical to oblique. Epider- 
mal cells rectangular, longer than broad, wall 
slightly sinuous. Subsidiary cells not pre- 
served. 

(ii) Nipaniostrobus pagiophylloides sp. nov. 
Pl. 3, Figs. 15, 16; Text-figs. 16-18 


Diagnosis — Shoots bearing spirally ar- 
ranged, short, spreading and loosely over- 
lapping, decurrent leaves. Leaves linear, 
radial with pointed apex, 2x 1 mm, 


12 


Showing the vascular supply to the seed-scale 


traversed by a single unbranched vascular 
bundle on either side of which transfusion 
tracheids present. The epidermal cells are 
short, cubicular, with slightly wavy walls. 
The stomata present on the upper surface, 
32 x 16 u, vertical to oblique, arranged in 
rows, each single stoma wide. Subsidiary 
cells not preserved. 

The seed-cone bearing spirally and loosely 
arranged cone-scales. Seeds 1 x 1:5 mm. 
Epidermal cells of the cone-scales preserved. 

Description — The shoot (Pr. 3, Fic. 15; 
Texr-FIG. 16), about 3 cm. long, bears 
spirally attached, loosely overlapping, de- 
current leaves with comparatively narrow 
bases. The lamina arises a little distance 
above the point of attachment. No cross- 
section of the leaf was available to ascertain 
the presence or absence of a resin cell along 
with the vascular bundle. 

The mesophyll is loose with spongy tissue 
consisting of round cells. Palisade is made 
up of elongated cells. 
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TEXT-FIGS. 
14, a part of the seed-scale complex showing 
the spreading of the tracheids at the base of a 


14, 15— Nipaniostrobus sahnii Rao. 


seed. x 60. 15, tracheids from above. x 225. 


Comparison — The specimen is referred to 
a new species distinct from N. sahnii ( Rao ) 
emend. for the reasons given below: 

1. More or less similar Nipaniostrobus seed- 
cones are found to be borne on different types 
of shoots. 

2. The seed-cone in the specimen is partly 
preserved and the finer details of its morpho- 
logy are wanting. The isolated seed-cones 
are, therefore, described under the species 
N. sahnii and the in situ seed-cones under 
different names depending upon the nature 
and the morphology of their shoots. 


(iii) Nipaniostrobus aciculifolia sp. nov. 
IPE By, Nee IES Text-figs. 19-21 


Diagnosis — Shoots with leaves spirally 
arranged, decurrent, needle-like radial, de- 
current, up to 4 mm. long and 1 mm. thick. 
Leaves 3-4 x 1 mm., slightly spreading or 


overlapping those above, uninerved, with a 
patch of transfusion tracheids on either sidé 
and a resin cell below the bundle. The epi- 
dermal cells cubicular, slightly longer than 
broad, with slightly wavy walls. Stomata 
35:2 x 27-2 u, vertical to oblique, in rows} 
Subsidiary cells rarely preserved. Seed-cone 
5 x 4 mm., compact. 

Description — The longest shoot (Pr. 3) 
Fics. 17, 18) is about 1-5 cm. long. The 
single unbranched midrib in each leaf ter: 
minates a little below the pointed apex. Ag 
in the other species, the thick cuticle in the 
leaf is followed by palisade-like tissue which is 
followed by loose spongy tissue consisting 07 
small spherical cells which are elongated in 8 
vertical section. The leaves appear to be 
epistomatic. 

The Female Cone — The female cone (PL. 3! 
Fics. 17, 19) is borne on a small lateral 
branch which bears short, overlapping leaves; 
The seed-cone cut obliquely measures 5 x 
mm. in size. Some scales at the top seem t 
be sterile. The seed-cone is more or less 
compact and its ovules, about 1 mm. across 
possess sterile part and curved micropylesil 
The integument in cross-section consists o 
an outer layer of shorter cells, a middi 
layer of palisade-like tissue and the inne 
layer made up of several layers of polygona 
cells. | 

The epidermis on the cone-scales is no 
preserved except a few vertically orientated 
stomata, the thickenings of the guard cell 
of which only are preserved. | 

Comparison — In the distribution and thdl 
orientation of the stomata resemblance is 
noted with those of N. pagiophylloides| 
but from it the specimen differs widely i 
the nature of its foliage. The seed-cone i 
very small in size as compared to that al 
N. pagiophylloides. 


3. Mehtaia gen. nov. 


Diagnosis — Shoots bearing overlappin 
or spreading scale-like leaves. Megastrobil 
lax or compact, cone-scales spirally attached. 
Each cone-scale consisting of a bract-scalel 
bearing extremely reduced, single-seeded 
seed-scale complex. Seed erect, borne ० 
an extremely reduced megasporophyll; th 
sterile part of the flower absent. Micropyla 
tube facing outwards and upwards and 
strongly curved towards the cone-axis. 
Integument single and two-layered. 

The genus is named after Dr. K. R. Mehta. 
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TEXT-FIGS. 16-18 — Nipaniostrobus pagiophylloides sp. nov. 


16, the type specimen. x Ca. 3. 17, a 


part of epidermis showing epidermal cells, distribution and orientation of the stomata. x Ca. 250. 
18, a section of a part of the integument showing the outermost undifferentiated layer (of. /.), the 


The characteristic features of the genus 
'Mehtaia constitute the erect posture of the 
‘ovules and the absence of the sterile part 
‘of the flower and in these the seed-cones of 
ithe genus Mehtaza differs from those of the 
genus Nipaniostrobus. 

Rao (1943b, pp. 121, 122, Fics. 19, 20) 
figured and described two ill-preserved lax 
‚and slender cones identical with one of the 
specimens of M ehtaia ( PL. 4, Fic. 24), and 
‚included them in N. sahnii, but at the same 


outer layer (o.l.) and the middle layer (m.l.). x Ca. 200. 


time expressed doubt if these cones belonged 
to N. sahnii or not. He found a strong 
contrast between these cones and the others 
included in N. sahnii particularly in the erect 
posture of the ovule ( Rao, 19430, 9. 122) 
but Rao ( 19439, 9. 123 ) believes that these 
cones might represent a young stage of the 
cones of N. sahnit. 

Discussing the affinities of the cones with 
erect ovules Rao ( 1943b, p. 125 ) stated that 
comparison could be made with Pherosphaera 


90 


19 


21 


TEXT-FIGs. 19-21 — Nipaniostrobus aciculifolia sp. nov. 


cell and transfusion tissue. 
of a leaf. x Ca. 106. 


x Ca. 66. 


in the erect posture of the ovules, single ovule 
per scale and the mode of attachment of the 
ovule to the scale. But the possibility that 
these cones might turn out to be only the 
younger stages of N. sahnii was not over- 
looked by Rao. 

I have not had access to Rao’s slides 
and so I cannot say whether the cones figured 
by him (Rao, 1943b, Photo 19) really re- 
presents a younger stage. In size ( as deter- 
mined from the photo and the magnifica- 
tion given by Rao) the cones are slightly 
bigger than those in my material. And 
my cones are equally mature as those 
of Nipaniostrobus. My observations do not 
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SEG, 55437 


support Rao’s suggestion that these | 
be the younger cones of Nipaniostrobus! 


sahnit. 

Amongst the living conifers the distin- 
guishing characters of the genus Mehtaia are 
met with in the genus Pherosphaera in 


the family Podocarpaceae. Some characters, } 


however, are shared with the genera Phyllo- 
cladus and Microcachrys in the same family, 


19, a leaf in cross-section showing the resin 
20, showing distribution and orientation of stomata on a par 
21, epidermal cells and few stomata from above. 
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23 
TEXT-FIGS. 22-26 — Mehtaia vajmahalensis sp. nov. 22, a part of a vertical section of a leaf showing 
transfusion tracheids accompanying a vascular bundle 300. 23, distribution of stomata on a leaf 


borne on peduncle. x 70. 24, a stoma with 


polar 


and lateral thickenings. x 500. 25, vertical 


section of a part of integument showing the outer layer of large rectangular cells and the stony 


layer. x 100 


nov. 
22-28 


(i) Mehtaia rajmahalensis sp. 
Pls. 4, 5, Figs. 22-30; 


Text-figs. 


The species is based upon four specimens 
of seed-cones. In one specimen (PL. 4, 
Fic. 22) the megastrobilus lies in a very 
close proximity with a fragmentary shoot 
towards its apical region. The cone-axis 
also bears 2-3 leaves which are similar in 
anatomy and general morphology to the 
leaves of the shoot. Both the cone and the 
shoot lie in such a close proximity as if the 
cone was borne on a lateral branch by the 
shoot. It is further supported by the pre- 
sence at the base of the cone of some leaves 
similar to the leaves of the shoots. 

The leaves at the base of the cone ( PL. 4, 
nic, 25.) are short, 1-2 x 0:75: mm, thick, 
scale-like, overlapping each other. The leaves 
are traversed by a single vascular bundle 


26, tracheids at the base of an ovule 500 


which on either side is lined by 3-5 layers of 
the transfusion tissue ( PL. 4, Fic. 26; TEXT- 
FIG. 22). Mesophyll is loose 

On the upper surface of one of the leaves 
borne on the peduncle four stomata are noted 
( Texr-rıcs. 23, 24). The stomata are oval 
in shape and orientated more or less parallel 
to the length of the leaf. No subsidiary 
cells or the encircling cells are preserved 
Of the stomata only thickenings of the guard 
cells and those of the polar areas are pre- 
served. 

The shoot ( PL. 4, Fic. 22 ) consists of two 
to three fragments lying near the apex of the 
cone which are evidently the lateral branches 
of what appears to be a pinnately branched 
shoot. The longest fragment of the shoot 
measures 2-3 cm. in length 

Seed-cone — The megastrobili (Pr. 4, 
Fics. 23, 24) are loose and oval in shape. 
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TEXT-FIGS. 27-29 — 27, 28, Mehtaia vajmahalen- 
sis sp. nov. Two seed-scale complexes with the 
vascular supply. x Ca. 28. 29, M. nipaniensis sp. 
nov. A seed-scale complex with vascular supply. 
x Ca, 28. 


The cone-axis, about 1-5 mm. thick, has a 
fairly broad pith which in longitudinal sec- 
tion is made up of squarish to rectangular 
parenchymatous cells ( PL. 5, Fic. 29). On 
either side of the pith are found xylem tra- 
cheids which bear scalariform pitting. Uni- 
seriate bordered pits are also seen. 

The cone-scales are spirally and loosely 
attached and seem to have been fleshy. 
Each bract-scale, soon after arising from the 
cone-axis, gradually tends to bend upwards. 
The free portion of the scale is short and rises 
to about half the length of the seed. The 
scale is single and keeled below (PL. 4, 
Fie. 23 ). 

The Vascular Supply of the Cone-scale — 
A vascular strand arises from the vascular 
bundle of the cone-axis and bifurcates at a 
little distance after its emergence from the 
cone-axis (Pr. 5, Fic. 29; Trext-ric. 23). 
One branch enters the bract-scale while the 
other terminates at the base of the seed in 
a cushion-like parenchymatous tissue. Taxi- 
nean pitting is noted in the tracheids at the 
base of the ovule ( TEXT-FIG. 26 ): 

The seed-scale complex consists of a single 
erect ovule borne terminally on a very much 
reduced megasporophyll. From the base of 


the cone to the apex the seed-scale | 
show a gradual transition from the horizontal 
to the erect posture of the ovule ( TEXT- 
FIGS. 27, 28). The ovules are narrowly 
oval with their bases slightly obliquely flat- 
tened. 

The micropyles face outwards and/or up- 
wards and two lips of the micropyles are: 
turned inwards ( PL. 4, Fic. 24). The outer 
lip of the micropyle is comparatively longer! 
than the inner and completely goes round it. 
The micropyle in a cross-section (PL. 5,| 
Fic. 30 ) shows a slit-like opening surrounded. 
by large columnar cells showing that the! 
integument in the region of micropyle was! 
broad and consisted of the elongated cells. 

The integument is made up of two distinct: 
layers — an outer soft and inner stony layer. 
The outer layer is made up of 4-5-sided, elon- 
gated, thick-walled cells usually filled with) 
some black deposit (Pr. 5, Fics. 28, 30 ).| 
The cells of the outer layer are elongated 
along the length of the seed. The ston | 
layer is made up of short, thick-walled, penta 
gonal cells arranged in rows parallel to the! 
length of the seed (Pr. 5, Fic. 27; Text- 
FIG. 25). The cells of the stony layer are 
more or less cubicular in nature. 

The embryo is not preserved in any of the 
ovules. The nucellus is free from the integu 
ment except at the base. 

Diagnosis — Shoots pinnately branched. 
Leaves 1-2 x 0:5-0-75 mm., short, thick, 
tough, scale-like, overlapping, traversed by! 
a single median vein accompanied by a patch 
of transfusion tracheids on either side. 
Stomata orientated parallel to the length of 
the leaf. 

Seed-cone 10 x 5 mm., compact, oblong. 
Ovule 1-1-5 mm., obliquely vertical to erect. | 
Scales keeled on the abaxial surface. Vas- 
cular supply bifurcating soon after emerging: 
out of the cone-axis — one branch supplying: 
the bract-scale while the other terminating |] 
at the base of the ovule. | 

Comparison — The seed-cones described | 
above are unique amongst the fossil seed- 
cones so far known. | 

The erect posture of the ovule, its median| 
position on the scale, the absence of any 
sterile part of the flower and the curved | 
micropyles are some of the outstanding 
characters in the specimens which recall simi. । 
lar features in the family Podocarpaceae. 

The habit of cone-formation in this family | 
is restricted to the genera Pherosphaera, |} 
Microcachrys, Saxegothaea and Phyllocladus. || 
| 
| 
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Text-Fics. 30-39 — Mehtaia santalensis sp. nov. 30, 31, fertile shoots. x Ca. 5. 32, a sterile shoot 
showing distribution and orientation of stomata in the uppermost leaf. x Ca. 5. 33, distribution and 
Rotation of stomata on a leaf from shoot in Text-fig. 32. X Ca. 35. 34, epidermal cells on a leaf from 
shoot in Text-fig. 33. x Ca. 375. 35, a few stomata showing the polar and lateral thickenings. x Ca. 
375. 36, cross-section of a leaf from the shoot in Text-fig. 33. x Ca. 35. 37, cross-section of a 
bract-scale from shoot in Text-fig. 33. x Ca. 35. 38, vertical section of an ovule from shoot in 
Text-fig. 32 showing the micropylar canal. x Ca, 225. 39, cross-section of the micropylar region of 
an ovule from shoot in Text-fig. 32. x Ca. 60. 


The female cones in these genera are compact. species of Podocarpus ( FLORIN, 1951, 9. 363) 
More or less spike-like loose cones are, how- The sterile part of the flower is known to be 
ever, known in Dacrydium franklini and absent only in the genera Pherosphaera and 
Podocarpus spicatus and the other allied Phyllocladus ( Lawson, 1923, 9. 514; FLORIN, 
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1951, p. 364). The epimatium 15 absent in 
the fossil specimens described above. The 
aril-like outgrowth as seen in the cones of 
Phyllocladus is also not seen in our specimens. 

The erect posture of the ovule is a constant 
feature in Pherosphaera and Phyllocladus. 
In Microcachrys and Saxegothaea, however, 
the ovules are erect when young but gradually 
become recurved as the growth proceeds 
further. After recurvation, the sterile part 
of the flower also appears. 

The leaves in these fossils being closely 
overlapping, scale-like, uninerved and with 
two patches of transfusion tissue, keeled, 
thick and pointed at the apex differ from 
those of Phyllocladus and resemble those of 
Pherosphaera. 


(ii) Mehtaia nipaniensis sp. nov. 
PINS MIS S 31735 excites, WY) 


Diagnosis — Megastrobilus 8 x 4 mm., 
fleshy loose, cylindrical. Cone-axis fleshy 
with the decurrent bases of the cone-scale. 
Ovules narrowly oval, 1 X 0:25 mm., borne 
erect, parallel and close to the axis. Micro- 
pyle facing upwards and curved inwards. 

A single vascular supply arising from the 
cone-axis bifurcates near the base of the 
ovule, one branch ending at the base of the 
ovule while the other entering the free part 
of the bract-scale. 

The species is named after the locality. 

Description — In one of the ovules is seen 
a spirally twisted structure, probably the 
remains of an embryo (Pr. 5, Fic. 33). In 
the upper region of the same ovule are noted 
a few pollen grains. This mass includes 
two- and three-winged pollen grains of 
variable sizes with bladdery as well as flaccid 
wings (Pi. 5, Fics. 34, 35). The wings 
are faintly reticulate. 

Comparison — The specimen resembles 
M. rajmahalensis in the nature of the integu- 
ment, curved micropyles, free nucellus and 
single-seeded scales each with an erect ovule. 
It differs from M. rajmahalensis in its fleshy 
nature, loosely arranged scales and in the 
nature of vascular supply to the seed-scale 
complex. 


(iii) Mehtaia santalensis sp. nov. 
Pl. 6, Figs. 36-43; Text-figs. 30-39 


Diagnosis — Shoots dimorphic. Leaves 
linear, 1-3 x 0-5-1 mm., sessile, decurrent, 


bending outwards and slightly twisted; scale- | 
leaves keeled, closely appressed. Leaves | 
traversed by a single vein overlying a resin 
cell with two patches of transfusion tissue on 
either side. 

Epidermal cells straight-walled, cubicular 
to rectangular. Stomata orientated verti- 
cally along the length of the leaf. | 

Seed-cones 5-6 X 5 mm., 
compact. 

Description — The species is based upon a 
fertile shoot ( PL. 6, Fics. 36, 37; TEXT-FIG. | 
30 ), a seed-cone lying in very close proximity | 
with a shoot (Pr. 6, Fics. 39, 43; TEXT- 
FIG. 31 ) and some fragmentary sterile shoots. 
( PL. 6, Fics. 40-42; TEXT-FIG. 32 ). 

The free parts of the leaves in the upper. 
region of the fertile shoot, about 1-5 cm. long, 
fit into the keeled region of the leaf next to 
it (PL. 6, Fic. 38). In some shoots the 
leaves are shorter and scale-like near the | 
apical region ( TEXT-FIG. 30 ) while in others || 
the scale-like leaves occur at the base ॥ 
( TEXT-FIG. 32). The seed-scales in the 
apical region of the cone appear to be fertile 
while those at the proximal region are with- 
out seeds. The elongated micropylar canal 
is bounded by two lips with the upper lip 
curved round the lower. In a cross-section 
the slit of the micropyle is seen bounded by | 
elongated cells ( TEXT-FIG. 39). 

Though the organic connection between jf 
the isolated seed-cone and the shoot (Pr. 6, || 
Fic. 39; TEXT-FIG. 31) is wanting, yet their 
very close proximity and continuation and 
orientation of the shoot towards the cone 
show that the cone belonged to this shoot |} 
and was borne apically. It probably got bent |} 
and consequently detached at the time of 
deposition. This is also supported by the iden- 
tical anatomy of both the scales ( TEXT-FIG. 37) | 
and the leaves (TEXT-FIG. 36). The seed-cone 
in the specimen shows only two fertile scales. 

Some of the sterile shoots, up to about 2-5 
cm. long, also show the dimorphic nature of | 
the foliage (Pr. 6, Fics. 41, 42). 

The tracheids in the axis of these shoots 
bear uniseriate, flattened, contiguous, border- 
ed pits and the scalariform pitting also. 
Xylem parenchyma is also present. | 

The vascular supply of the cone-scale is. 
not preserved. The structure of the integu- | 
ment is the same as described in the pre- 
vious species. The orientation and the dis- 
tribution of the stomata on the leaves of the | 
fertile as well as the sterile shoots are also I 
similar ( TEXT-FIGs. 32, 33). 


conical and 
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Comparison — The compact seed-cones 
‘being very small, few-seeded and conical in 
shape differ from the seed-cones in the other 
‘species. The foliage differs from that of 
M. vajmahalensis in showing dimorphism. 


4. Sitholeya gen. nov. 


Diagnosis — Fertile shoot bearing a term- 
‘inal single-seeded strobilus, seed inverted. 
Habit similar to that of a modern Dacry- 
dium or Podocarpus. 

The genus is named after Dr. R. V. 
Sitholey. 

The specimen is referred to a non-com- 
mittal name since from the available informa- 
tion regarding its morphology it is not pos- 
sible to show whether the specimen is related 
Podocarpus or Dacrydium. More or less 
similar fertile and sterile shoots as in our 
specimen known from the Tertiary and 
oelieved to belong to Podocarpus ( GARDNER, 
1836) were transferred to the genus Podo- 
varpites Andrae (SEwARD 1919, pp. 405- 
+08 ). 


(i) Sitholeya rajmahalensis sp. nov. 
Pl. 6, Figs. 44-46; Text-figs. 40-43 


Description — The fertile shoot (PL. 6, 
Pics. 44, 45; TEXT-FIG. 40), about 6-5 mm. 
ong, bears at its apex a single inverted ovule. 
The ovule arises in the axil of a leaf ( fertile 
branch, /.b.), borne on the vegetative shoot. 
Che leaves (sterile bracts ) on the shoot are 
hort, decurrent, scale-like, keeled, closely 
ppressed and overlapping one another. A 
very young shoot is also seen arising as a 
ateral branch in the axil of one of the leaves. 
[he bases of these sterile bracts are slightly 
‘wollen. Each bract is traversed by a single 
ınbranched vascular bundle and probably 
accompanied by few transfusion tracheids 
bn either side. 

The Ovule — The fairly large ovule ( PL. 6, 
fics. 45, 46; TEXT-FIG. 40), 2 x 2 mm., is 
val and inverted and seems to have been 
breserved in a very advanced stage of develop- 
Of all the layers of the integument, 


nent. 
t is only the stony layer which is preserved. 


Nothing of nucellus is preserved. The stony 
ayer consists of thick-walled spherical or 
exagonal cells ( TEXT-FIGs. 41-43) and is 
iniformly thick except at the micropylar 
egion where it narrows gradually. The 
umina of these stone cells are very short. 


& 
$0 


& 
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TEXT-FIGS. 40-43—Sitholeya vajmahalense sp. nov. 
40, the type specimen. f.b., fertile bract. x Ca. 13. 
41-43, tissue of the stony layer. 43 showing the 
outline of the cells. x Ca. 300. 


Near the micropylar region these cells are 
more or less spherical, loose and with com- 
paratively broader lumina ( TEXT-FIG. 41) 
In the other regions of the integument these 
cells are variously compressed with shorter 
lumina ( TExt-Fics. 42, 43). The sterile 
part of the ovule ( epimatium ), apical knob 
or aril is not seen. 

The micropyle is close to the chalazal end 
and is wide open. The vascular supply made 
up of centripetal tracheids passes right up to 
the place of attachment of the ovule with 
the shoot. 


Sitholeya rajmahalensis sp. nov. 


Diagnosis — Fertile shoot bearing spirally 
arranged, short, scale-like, uninerved, de- 
current leaves, overlapping each other. 
Ovule inverted, about 3 X 2 mm., oval, with 
a stony layer made up of stone-cells with 
short lumina, arising in the axil of a fertile 
bract. 
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Comparison — The fossil fertile shoots 
bearing terminal single-seeded strobili are 
known from the Triassic under the name 
Palaeotaxus radiviva Nath. ( FLorın, 1944; 
cf. FLORIN, 1951, p. 349, Fic. 43a) and 
Taxus jurassica from the Jurassic of York- 
shire. There is no other fossil record of 
fertile shoots bearing single-seeded mega- 
strobili. The specimen differs from the above 
two Mesozoic fossils in possessing the apical 
ovule as a lateral organ arising in the axil of 
a fertile bract and also in being inverted. 

Single-seeded megastrobili borne apically 
amongst the living plants are known only 
in the family Podocarpaceae and Taxaceae. 
In Taxaceae the fertile shoot is axillary but 
the ovule is directly borne on the apex of the 
fertile shoot. In Podocarpaceae the ovule 
is lateral in position. In lateral position of 
the ovule, the specimen shows podocarpinean 
affınities. 

The single-ovulate megastrobili in Podo- 
carpaceae are met with in the genera Acmo- 
pyle, Podocarpus and Dacrydium. The ovule 
in Acmopyle is semi-erect, so it differs from our 
specimen. Since the nature of epimatium 
cannot be made out in our specimen, the 
comparisons with Podocarpus or Dacrydium 
cannot be extended any further. 


5. GENUS Nipanioruha (RAO) EMEND. 


The genus Nipanioruha Rao was insti- 
tuted by Rao ( 1946 ) for petrified coniferous 
sterile shoots bearing needle-like spiral 
leaves with decurrent bases. In 1949 Rao 
described a megastrobilus of Nipanioruha 
grantha. 

The shoots described here show a variety 
of leaf forms, viz. long and needle-like, short 
and lanceolate, narrow and curved. The 
leaves are narrowly and spirally attached, 
spreading, decurrent and each with a hump- 
like adaxial swelling at the base. Though 
differing in external morphology, the shoots 
possess common anatomical characters, viz. 
leaves uninerved, midrib unbranched accom- 
panied by a resin cell and transfusion tissue. 
Mesophyll is also similar in all. On the 
basis of the above similarities these shoots 
are included in the genus Nipanioruha. 

The fructifications are either borne on 
shoots or bear one or two leaves on the 
peduncle which are correlated with those on 
the shoots not only on the basis of the ex- 
ternal morphology of the leaves but also on 
their epidermal characters. 


The superficial resemblance of the shoots: 
described here is noted with some well-known: 
impressions of Jurassic conifers, viz. the shoots, 
of N. granthia resemble those of Elatides: 
elegans ( ARNOLD, 1947, p. 326, Fic. 162 ),) 
E. williamsonianus, E. curvifolia ( SEWARD, 
1919, pp. 272, 273, Fics. 742, 743), Pagio- 
phyllum crassifolium (SEWARD, 1895, PL. 6, 
Fics. 1, 2, 3, 6), P. sp. (SITHOLEY, 1940, 
Pr. .5,. Fıc.. 60; Pr. 4, Pics: 56 39) ae ent 
crassifolium (HALLE, 1913, Pr. 8, Fic. 11} 
the shoots of N. lanceolata sp. nov. those 
of Pagiophyllum sp. cf. peregrinum and P.. 
peregrinum ( SAHNI, 1928, PL. 3, Fics. 32-34, 
43-47); the shoots of N. curvifolia sp. nov. 
those of B. expansum and Pagiophyllum 
burmense (SAHNI, 1928, PL. 2, Fics. 28, 
29, 26b ). 

But for the superficial resemblance noted | 
above the shoots of Nipanioruha are very! 
different from the impressions mentioned 
above in anatomy and general morphology. 

In the light of the discovery of a variety 
of shoots, the fructifications and the epi- 
dermal characters, the diagnosis of the genusy 
Nipanioruha is revised as below. 

Emended Diagnosis — Leaves persistent, 
crowded, bilateral, slightly twisted, decur 
rent with an adaxial swelling near the base 
subacute or obtuse, entire, uninerved. 

Wood picnoxylic with several vascula 
bundles. Growth rings marked. Resin cellsi#f 
or canals absent from wood, may or may 7107 
be present in the cortex. Tracheids wit 
uni-biseriate pits and scalariform thickening.|} 
Medullary rays low and uniseriate. Lea 
with a single unbranched median vascular 
bundle without any external indication of thell 
venation. Vascular bundle overlying a singl 
resin cell. Mesophyll loose with roundif 
collecting cells and oval or oblong palisadeil 
cells. Transfusion tissue present. Leaf 
epistomatic. The epidermal cells straight- 
walled, cubicular or rectangular. Stomat 
orientated regularly or irregularly. | 

Cone formation perfect. Cones terminal. 
Male cones surrounded by needle-like scale- 
leaves. Microsporophylls bisporangiate, spi 
rally arranged, overlapping and upturned. 
Microsporangia abaxial, two per scale. Pol- 
len winged, bladders three, smaller than the 
body. Female cones of Nipaniostrobus type. 


(i) Nipanioruha granthia (Rao) emend. | 
Pls. 7, 8, Figs. 47-57 ; Text-figs. 44-57 | 
Some additional observations in connec- 
tion with the morphology of the shoots, th 
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two stomata. x Ca. 375. 


epidermal characters and the female fructi- 
| fications are described. The male fructi- 
) fications which were not known so far have 
| also been described. 
| Morphology — Several shoots, up to about 
1 4 cm. long, are examined. The shoots are 
pinnately branched ( TEXT-FIG. 44). 

The intercalary swellings on which Rao 
(1946) based the genotype Nipanioruha 
 granthia are not found a character at all 
| worthy of specific importance. In similar 


Zn, 


48 47 


Text-Fics. 44-48 — Nipanioruha granthia (Rao) emend. 44, a sterile shoot. x Ca.6. 45, 46, distribu- 
tion of stomata in two bands on a leaf. x 9, x Ca. 30. 47, vertical section of a part of a leaf 
showing distribution of stomata on the upper flank of a leaf. 


x Ca. 35. 48, epidermal cells and 


specimens as figured by Rao ( 1946, Prs. 1,2) 
I believe that these intercalary swellings 
might be attributed either to crushing during 
preservation or to the diseased condition of 
the plant. This character, therefore, should 
not be considered a regular morphological 
feature of this species. 

Epidermal Characters — The epidermal cells 
are occasionally preserved and are rect- 
angular, narrow, longer than broad, with 
straight walls ( TEXT-FIG. 48). 
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The leaves are epistomatic. The stomata 
occur in two bands, one on either side of the 
midrib ( PL. 7, Fic. 48; TEXT-FIGs. 45, 46). 
The stomata are regularly arranged in short 
or long files which vary from 2 to 4 in number. 
The stomata are vertical or oblique with the 
long axis parallel to the length of the leaf. 
Of the whole of the stomatal apparatus only 
the thickenings of the guard cells are pre- 
served. 

In thin vertical section of a leaf the stomata 
are only seen on the upper flank of the leaf 
( TEXT-FIG. 47). The two bands of the 
stomata, one on each flank, are noted only 
when the leaf is preserved from the upper 
surface. The two bands are separated by 
a non-stomatic region. 

The Male Fructification — The cones were 
borne apically and were surrounded at the 
base by scales very much similar to the 
vegetative leaves ( PL. 7, Fics. 49, 50, 53, 
54). The leaves in the young stage were 
longer than the cone itself and enclosing the 
cone converged and extended beyond it 
(‚Pi} 7) Fics: 53.954" Text-piges so) 
mature cones the leaves were not longer than 
two-thirds of the entire length of the male 
cone ( Bl. 7, Fic. 50> Textric. 51): 

The cones, 4-5 x 2-3 mm., were oblong 
and nearly twice longer than broad. Each 
cone consisted of a stout central axis ( PL. 7, 
Fic. 51) on which the scales were borne 
spirally, the free ends of the scales were up- 
turned and overlapping those above. The 
scales were hypopeltate and bisporangiate. 
The microsporangia longer than 1 mm., 
rectangular, broad distally and tapering 
gradually towards the proximal end. In 
cross-section the sporangia, about 0-5 to 
1 mm. broad, appear to be rhomboidal in 
shape. The microspores, 33:2 x 33-2 u ( in- 
cluding wings), were three-winged ( TEXT- 
FIG. 49). The wings, 15 x 13 u, reticulate, 
swollen to flaccid in nature, were attached 
on the ventral surface of the body. The 
body, 33-2 u in diameter, comparatively 
larger than the wings, was granular with a 
thick dorsal wall. 

The fossil male cones described under the 
name Masculostrobus sahnii Vishnu-Mittre 
(1956) bearing needle-like leaves on the 
peduncle and producing three-winged, one- 
and four-winged abnormal pollen grains also 
probably belonged to Nipanioruha granthia. 

The Female Fructification — Recently an- 
other seed-cone bearing some needle-like 
leaves on the peduncle as reported by Rao 


TEXT-FIGS. 49-51 — Nipanioruha granthia Rao 
emend. 49, pollen grains from above. x Ca. 372. 
50, vertical peripheral section of another male cone. 
X Ca. 66. 51, reconstruction of a male fertile 
Shoots ( 60५६1 Et.) Cams. 


( 1949 ) is discovered ( Pr. 8, Fic. 55). The 
seed-cone, 7 x 4 mm., is compact, oblongf 
and is smaller than that reported by Raolf 
(1949). The leaves on the peduncle (Pr. 8,1 
Bie. 57, TEXT FIG 52), 90 ome de-4 
current, uninerved and with a characteristic] 
adaxial swelling, are epistomatic. In the 
fragmentary cuticle the vertical to slightly 
oblique stomata are seen arranged in short! 
files (TExT-Fics. 53, 54). The external 
morphology and the epidermal characters of } 
the leaves on the peduncle resemble those of 
the leaves of Nipanioruha granthia. The! 
seed-cone is exactly similar to the cones of] 
Nipaniostrobus sahnii but differs in having! 
the bracts of cone-scales prominently keeled | 
below (PL. 8, Fic. 56; Text-rics. 55, 56). | 
The keeled lower portion is variously lobed. | 
Few stomata are observed on one of the scales | 
which are alike in distribution to those of! 
the leaf ( TEXT-FIG. 57). | 
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TEXT-FIGS. 52-57 — Nipanioruha granthia Rao emend. 52, a part of the peduncle bearing a needle- 
like leaf. x Ca. 20. 53, orientation and the distribution of stomata on above leaf. x Ca. 51. 54, a part 
above enlarged showing two stomata and the epidermal cells. X Ca.375. 55, 56, showing the 
| seed-scale complexes. ep and ov.s., sterile part of the flower; b.s., bract-scale. x Cam Casal. 
57, a part of the seed-scale complex showing stomata on the bract-scale. x Ca. 51. 


stomata vertical to slightly oblique, parallel 

Emended Diagnosis — Shoots pinnately to the length of leaf, in 3-4 rows each single 

; branched, branches arising at a narrow angle, stoma thick on either side of the midrib. 
| older branches with oval scars of the decur- Stomatal apparatus oval. Subsidiary cells 
‘rent leaf-bases. Leaves needle-like, linear, not preserved. Wood parenchyma profusely 
| 8-9 x 0:3-0:5 mm., apex acute, uninerved, present. Bordered pits uniseriate, flattened 
‘triangular to oval or rhomboidal in cross- and contiguous. Scalariform tracheids pre- 
‚section. Transfusion tissue not noted. sent. Medullary rays uniseriate, 1-12 cells 
Leaves epistomatic. Epidermal cells rect- high. Cones perfect. Male fructifications 


Ä (i) Nipanioruha granthia (Rao) emend. angular, several times longer than broad; 
| 
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in young stage surrounded and enclosed by 
the vegetative leaves. Male cones cylin- 
drical, 2-4 x 1-2 mm.; pollen grains 33-2 u 
in diameter, three-winged; wings flaccid, 
bladdery and faintly reticulate. Female 
cones Nipaniostrobus-like, compact, 7-10 x 
4-5mm., bract-scales very much keeled below, 
keels lobed. 

Comparison — While dealing with the 
comparisons and the affinities Rao (1949) 
showed that N. granthia might belong to 
Podocarpaceae. The male cones possessing 
small three-winged pollen grains with faintly 
reticulate wings and the Nipaniostrobus-like 
megastrobili further enhance the podocar- 
pinean affinities. 


(1) Nipanioruha lanceolata sp. nov. 
Pl. 8, Figs. 58-63; Text-figs. 58-60 


Diagnosis — Shoots with lanceolate leaves, 
2-5 x 1-1-5 mm., spreading, uninerved, stiff, 
with obtuse apex. Transfusion tissue pre- 
sent. Leaves epistomatic. Epidermal cells 
polygonal in rows. Stomata, 41-6-48 x 25-6- 
27:2 u, orientated vertical to oblique, ir- 
regularly distributed. Subsidiary cells not 
preserved. Medullary rays uniseriate, 1-9 
cells high, rays with 1-4 cells high predomi- 
nant. 

Description — The species is based upon 
four fragmentary shoots ( PL. 8, Fics. 58-60) 
up to about 2 cm. long and up to about 
1 cm. broad. In one of the shoots leaves 
do not appear to be as stiff as in the other 
shoots, but in size, shape of leaves and 
epidermal characters this shoot is identical 
with the other shoots. 

Comparison — These shoots differ from the 
shoots of N. granthia in broader, stiff and 
lanceolate leaves. Further, the irregular dis- 
tribution of the stomata and the polygonal 
shape of the epidermal cells ( TEXT-FIGS. 
59, 60) are different. 


(ii) Nipanioruha curvifolia sp. nov. 
Pl. 8, Figs. 64-67; Text-figs. 61, 62 


Diagnosis — Shoots pinnately branched. 
Leaves, 2 x 0-5 mm., short, narrow, curved 
upwards, loosely overlapping, uninerved, with 
two patches of transfusion tissue, one on each 
side of the bundle. Leaves epistomatic. 
Stomata vertically orientated along the 
length of the leaf, confined into 3-4 rows on 
either side of the midrib, each row single 
stoma thick. Epidermal cells not preserved. 
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TEXT-FIGS. 58-62 — 58-60, Nipanioruha lanceolata 
sp. nov. 58, a shoot. x Ca. 54. 59, distribution andil 
orientation of stomata. X Ca.18. 60, epiderma 
cells and a stoma. X Ca. 180. 61-62, Nipanioruh 
curvifolia sp. nov. 61, a shoot. x Ca. 54. 62, dis: 
tribution and orientation of stomata on the upper 
flank of a leaf. x Ca. 27. 


Description — The species is based on 
four specimens up to 4 cm. long and about 
0-5 cm. broad (Pr. 8, Fics. 64, 65). 
attached, short and narrow, upturned leaves 
( TEXT-FIG. 61) each with an adaxial swell- 
ing. The leaves are broader than those ०॥ 
N. granthia, but narrower than those of 
N. lanceolata. 

Comparison — The shoots resemble in thelf 
distribution and orientation of the stomata) 
the shoots of N. granthia Rao emend.,l 
but in habit, in size and form of leaves thelf 
shoots differ from N. granthia. In the dis-I 
tribution and orientation of the stomata 
( TEXT-FIG. 62) and the nature of the foliage | 
the shoots of N. curvifolia are very much I 
different from those of N. lanceolata. | 


6. Indophyllum gen. nov. | 
There are some shoots in the vegetative: 
remains from Nipania which possess external 
characters common to Brachyphyllum, Pagio-. 
Phyllum and Dactylethrophyllum (WESLEY, 
1956, 9. 54), but at the same time possess: 
such characters which are not found in these! 
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genera. As in Brachyphyllum the leaves are 
appressed but extend far above their cushion. 
The stomata are all longitudinally orientated 
and in this respect the shoots here described 
differ from Brachyphyllum, Pagiophyllum and 
Dactylethrophyllum in which the stomata are 
circular and transversely orientated. 

The epidermal characters show that these 
shoots might belong to the family Podo- 
carpaceae. The occurrence of two-winged 
pollen grains in some fragmentary fertile 
shoots further supports this view. This is 
also supported by the anatomy of stem in 
one of the shoots. For these shoots the genus 
Indophyllum is proposed. 

Diagnosis — Shoots with closely appressed 
leaves, free margin of lamina extending be- 
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TEXT-FIGS. 63-66 — Indophyllum sahnii sp. nov. 
63, part of a shoot. x Ca. 11. 64, cross-section of a 
leaf. x Ca. 36. 65, distribution and orientation of 
stomata on a part of a leaf. xCa. 120. 66, a 
stomatal apparatus showing the raised subsidiary 
cells. x Ca. 600. 
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yond the leaf cushion. The stomata longi- 
tudinally orientated, vertical, oblique or 
nearly transverse. Stomatal apparatus hap- 
locheilic. Trichomes and hairs absent from 
the epidermal cells. 

Three species of the genus Zndophyllum, 
I.sahnu,I.vaot and I. nipanica, are described. 
These species agree with one another in 
essential characters of the genus but differ 
from one another in well-defined characters. 
The shoots bear loosely arranged leaves in 
I. sahnii and I.raoi while the leaves are closely 
clasping in I. nipanica. I. vaoi differs from 
the other two species in having rhomboidal 
leaves in cross-section, while in possessing 
transfusion tracheids in two patches and a 
resin cell below the vascular bundle it 
resembles the leaves of J. sahnu. The 
leaves are triangular in cross-section in 
I. sahni and I. nipanica but the upper sur- 
face of leaves in J. sahnii is ridged in the 
middle. 

Vertical to slightly oblique orientation of 
the stomata is noted in J. sahnii, only vertical 
in I. nipanica, and vertical in the upper sur- 
face of the leaf and irregular ( vertical tending 
to be transverse ) on the lower surface of the 
leaves in I. raoı. 

The cuticle tends to show that these three 
species might belong to the Podocarpaceae. 
Stem anatomy and the winged pollen in 
I. nipanica further confirm the evidence of 
the cuticular anatomy. 


(i) Indophyllum sahni sp. nov. 


Pl. 9, Figs. 68-73; Text-figs. 63-66 


Diagnosis — Shoots curved or straight, 
pinnately branched; lateral branches making 


an angle of 30° with the axis. Twigs 1-1-5 
mm. in diameter, unflattened. 
Leaves spirally arranged. Leaf-base 


cushion rhomboidal, broad; leaf up to 1 mm. 
broad and as long as the leaf-base cushion. 
Apex acuminate, pointing upwards and out- 
wards. Leaf traversed by a single un- 
branched vein and more or less triangular in 
cross-section, upper surface forking a central 
ridge in the region of the midrib accompanied 
by two longitudinal furrows or grooves. 
Vascular bundle overlying a resin cell and 
accompanied by two patches of transfusion 
tissue. Margin entire. Stomata both on 
the upper and the lower flanks of the leaf, 
33-6 x 19-2 u, crowded, disposed in short 
and long files, vertical or slightly oblique, 
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orientated parallel along the length of the 
leaf. Trichomes, hairs or papillae absent. 
Subsidiary cells raised above the surface 
of the epidermis, 4-6, two polar and the rest 
lateral. Stomatal pit oval. Epidermal cells 
not preserved. 

Description — The slide shows two frag- 
ments of the shoot lying over one another in 
the inverse orientation (Pr. 9, Fic. 68). 
The larger fragment, about 3-2 cm. long, 
shows four lateral branches. The other 
fragment is about 1 cm. long. Fragments 
up to about 1 cm. long are frequently met 
with in other slides and the slices of the 
chert. 

A fragmentary specimen ( PL. 9, Fic. 72), 
about 3-4 x 3 mm., though possessing larger 
leaves, about 2 x 1 mm., is believed to 
belong to this species since in the distribution 
and the orientation of the stomata ( PL. 9, 
Fic. 73) and the nature of the leaves the 
specimen possesses similar characters as in 
the shoot described above. 


(1) Indophyllum raoi sp. nov. 
Pls. 10, 11, Figs. 74-76; Text-figs. 67-70 


Diagnosis — Shoots curved or straight, 
pinnately branched, lateral branches mak- 
ing an angle of 45°. Shoots unflattened. 
Leaves spirally attached, arising from rhom- 
boidal leaf-base cushions. Leaf up to 1 mm. 
broad, free portion of lamina nearly one- 
third turned and pointed upwards. Margin 
entire. Vascular bundle single and un- 
branched traversing the whole length of the 
leaf and accompanied by transfusion tissue 
on either side of it. Leaf in cross-section 
thomboidal, vascular bundle overlain by a 
resin, cell. 

Leaves probably amphistomatic. Stomata, 
30-4 x 17-6 u, on the upper surface regular 
in very much separated short and long 
files. On the lower surface irregular, ob- 
lique, tending to be transverse. Epidermal 
cells not preserved. Papillae or trichomes 
absent. 

Description and Comparison — The species 
is represented by branched shoots up to 
about 2:5 cm. long and about 2 mm. broad. 
Fragments up to about 5 to 6 mm. long are 
commonly met with in sections of the chert. 
The shoots are distinguishable from 7. sahnii 
in their loosely overlapping short leaves 
with very much pointed apices. Further 
differences are noted in the orientation of 
the stomata. 
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TEXT-FIGS. 67-70 — Indophyllum vaoi sp. nov. | 
67, part of the shoot. x Ca. 7. 
showing the apex. X Ca. 35. 69, 70, distribution | 
and orientation of stomata on two opposite surfaces | 
of a leaf. x Ca. 75. 


(iii) Indophyllum nipanica sp. nov. 
PIS 010, 11 का 547 77:82: Text-figs. 71-79 


Diagnosis — Shoots curved or straight, 
pinnately branched, lateral branches making | 
an angle of 30°-45°, unflattened; leaves | 
up to 1 mm. long and 0-5 mm. broad and | 
0-:6-0:8 mm. thick, decurrent, spirally at- 
tached, arising from the rhomboidal leaf- | 
base cushions. Free portion of the lamina | 
is nearly as long as the leaf-base cushion and 
pointing upwards and frequently inwards. | 
Leaf is traversed by a single unbranched vein. | 
In cross-section the leaf is triangular with the | 
upper surface concave and lower convex and | 
keeled, no resin cell is observed below the 
vascular bundle. Margin entire and apex | 
acute. Leaf with a single-layered palisade 
and round collecting cells. Stomata in 


regular rows, vertical and parallel to the |] 


length of the leaf. Subsidiary cells not pre- 
served, only the thickenings of the guard 
cells preserved, trichomes absent. Epider- | 
mal cells not preserved. Wood picnoxylic. 
Growth rings present. Medullary rays uni- 
seriate, 1-8 cells high, rays with 1-2 cells 
dominant, parenchyma present. Bordered 
pits uni- and biseriate, free and circular or 


68, part of shoot ||] 
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TEXT-FıGs. 71-75—Indophyllum nipanica sp. nov. 


71, part of a shoot. x Ca. 64. 72, part of a fertile 
shoot. x 26. 15. 73, cross-section of a leaf. x Ca. 15. 
74, Distribution and orientation of stomata on 
a leaf. X Ca. 374. 75, distribution and orientation 
of stomata on a leaf-base cushion. x Ca. 374. 


flattened, or biseriate opposite.. Field pits, 
1-4, elliptic. Spirals present in the tracheids. 
Male cones surrounded by long and thick 
leaves. Pollen grains two-winged, 38-42 u 
including wings; wings bladdery and reti- 
culate. 

Description — The species is represented 
by several specimens. One of the specimens 
(Pr. 11, Fic. 86) bears a fragmentary male 
cone apically ; while another ( PL. 11, Fic. 80 ) 
is attached with a stem whose anatomy is 
also well preserved. There is another frag- 
mentary fertile shoot (Pr. 11, Fic. 84) 
bearing an apical fructification probably 
female. In all essential characters these 
specimens are similar and are, therefore, in- 
cluded in this species. 

The longest fragment, the twig, a part of the 
foliage of which is shown in PI. 11, Fig. 80, 
measures 2-3 cm. in length and 0-6 cm. in 
breadth with the bark, cortex and phloem 
also preserved. 

The bark is scaly, unstratified and un- 
differentiated into outer and inner bark. 
Bark fibres, parenchyma cells and scleren- 
chymatous cells are all intermixed. Medullary 
rays are also preserved. There are some 
cells with narrow lumen, probably the re- 
mains of the sieve tubes. Stone cells are 
scattered. The outer region of the cortex 
has some broad, probably oleo-resin, cavities. 
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Few stomata are sometimes seen on the 
upper and sometimes on the lower flanks of 
a leaf ( TEXT-FIG. 74). These are regularly 
orientated in short files but are scattered on 
the leaf-base cushion ( TEXT-FIG. 75 ). 

Male Cone — The fragmentary male cone 
( Pr. 11, Fic. 84) is borne apically. Apex of 
the shoot is invaginated forming a sort of 
receptacle on which the fructification is 
placed. The cone is surrounded by un- 
usually longer and thicker, incurved leaves. 
The incomplete male cone is 1-6 mm. broad 
and 0-8 mm. long. It consists of 4 more or 
less crushed microsporangia, 0-8 x 0-7 mm. 

Microspores ( PL. 11, Fic. 85 ) are 2-winged 
and measure about 38-42 u. from wing to 
wing. The body of the spores is club-shaped 
and larger than the wings. Wings are in- 
flated and reticulately ornamented. Ventral 
and the dorsal walls of the body appear to 
be equally thick. 

The other fertile fragmentary shoot ( PL. 
11, Fic. 86), about 8 mm. long, bears a 
fructification at the apex. The fructifica- 
tion, about 3 x 2-5 mm., is compact and 
oblong in shape. The cone-scales consisting 
of a stalk-like structure attached directly 
to the cone-axis broaden out in their distal 
region into a triangular structure and are 
keeled below. The cone-scales appear to 
be woody with a sort of spinous, downwardly 
pointed outgrowth arising from the lower 
surface of the scale. The lowermost pair of 
the scales is sterile. One of the cone-scales 
marked ‘a’ ( PL. 11, Fic. 87) shows two sac- 
like, swollen structures borne in a hypo- 
peltate condition. The cone-scales are very 
much crowded and the sac-like bodies are 
sectioned in various planes so the exact 
number and the nature of these sac-like 
bodies are not made out. These sac-like 
bodies are bounded by a thin membranous 
wall made up of short to long polygonal 
cells arranged in rows along the length of 
the sac ( TEXT-FIG. 79). The wall of the 
scale is made up of thick-walled rect- 
angular cells arranged in vertical rows ( TEXT- 
FIG. 78 ). 

The free ends of the scales are short and 
point upwards. The distal part of a scale 
possesses leafy mesophyll. The sterile part 
of the seed-scale complex is not made out, 
probably it is fused with the bract-scale. 

Each sac-like body is broader towards the 
distal and narrower towards the proximal 
end of the scale. It is the broadest in the 
middle region. 
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It 15 not possible to make out the exact 
nature of these sac-like bodies whether they 
represent the remains of the seed or of the 
microsporangia. The spores are not found 
in Situ or near the vicinity of the cone. The 
swollen nature of the sac-like bodies indicates 
that these might be the remains of the seeds 
or might represent the remains of immature 
aborted ovules. 

Till more material is discovered, it may 
not be possible to know whether the fructifica- 
tion was a male or a female cone. 

Comparison — The specimens differ from 
the shoots of J. sahnir and I. vaoi in habit, 
in possessing very closely clasping leaves and 
in the distribution and the orientation of the 
stomata. The stomata are in rows and are 
all vertical as contrasted from the vertical 
to oblique stomata in J. sahnii. In I. raoi 
oblique tending to be transverse orientation 
of the stomata is noted which is different 
from that of stomata in I. nipanica. The 
presence of transfusion tissue and the resin 
cell lying below the vascular bundle in the 
leaves of I. sahnii and I. raoi constitutes fur- 
ther difference from the above species. 

The unusually longer and thicker scale- 
like leaves encircling the base of the male 
cone as seen in our fertile specimen are, how- 
ever, noted surrounding the base of a male 
cone in some living representatives of the 
family Podocarpaceae, viz. Pherosphaera, 
Saxegothaea, Dacrydium taxoides and Podo- 
carpus imbricatus ( PILGER, 1903). In small 
size and nature of the wings the pollen grains 
also show podocarpinean affinities. It is 
further supported by the anatomical char- 
acters of the stem, though the spirals have 


not been noted in the podocarpinean tra- 
cheids. 


7. GENUS Elatocladus HALLE 


Several species of Elatocladus are known 
as impressions from the Mesozoic. Only the 
cuticular structure is known in some species 
(SAHNI, 1928, p. 14; Harris, 1935, pp. 60- 
77). The internal structure of Elatocladus 
is not known yet. 


(i) Elatocladus sahnii sp. nov. 
Pl. 12, Figs. 88-91; Text-fig. 80 


Diagnosis — Branchlet showing dimor- 
phism. Leaves at the base small, scale-like, 
1-2 x 0:5 mm., closely appressed, overlap- 
ping, triangular, keeled and broadly decur- 
rent. Linear leaves bifacial, 4-5 x 0:75 mm., 
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TEXT-FIGS. 76-79 — Indophyllum nipanica sp. nov. 
76, distribution and orientation of stomata from 
the lower flank of a leaf. x Ca. 375. 77, part 
of a cellular tissue from a cone-scale. x Ca. 37 
78, epidermal cells from a leaf. x Ca. 375. 79, cel- 
lular tissue from a sac-like body. x Ca, 375. 


decurrent, biseriate and spirally attached, |} 


expanded in the same plane and spreading 


outwards. Margins entire, apex pointed. 


Leaves traversed by a single unbranched 
median vein accompanied by two patches of 
3-5-celled transfusion tissue, one on each 
side of the vein. 
a resin cell. 


Stomata 35-7 x 20-4 u, scattered over the | 
undersurface tending to form longitudinal | 


rows. Orientation longitudinal to oblique 


Vein probably overlying | | 
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Ny 
TEXT-FIG. 80 — Elatocladus sahnii sp. nov. 
Distribution and orientation of stomata on the 


upper flank of a leaf. x Ca. 562. 


Stomatal apparatus monocyclic. Subsidiary 
cells 4-6. Two polar, the rest lateral, guard 
cells sunken. Epidermal cells rectangular, 
elongated, with straight to slightly wavy 
walls. 

Description and Comparison — The species 
is based on three specimens, up to about 
1-4 cm. long, resembling superficially some of 
the impressions described under the name 
Elatocladus tenerrima (SAHNI, 1928, p. 14, 
PL. 1, Fics. 10-15) but differing from them 
in being bifacial. 

Amongst the living conifers comparisons 
may be made with some shoots of Podocarpus. 
The leaves in sections Microcarpus and 
Nageia of Podocarpus are unlike the specimen, 
being scale-like and overlapping in the former 
and many-nerved in the latter. In Dacry- 
carpus the leaves are bilateral. Bifacial 
leaves as in the specimen are met with in 
the section Eupodocarpus of the genus Podo- 
carpus. 
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Araucariaceae 


8. Genus Brachyphyllum (BRONGT.) KENDALL 


Brachyphyllum florini sp. nov. 
Text-figs. 81-85 


Diagnosis — Branched, straight or curved 
shoots about 2mm.in diameter. Leaves prob- 
ably spirally attached. Leaves uninerved, 
up to about 0-5-0-75 mm. broad, triangular, 
keeled and about 0-75-1 mm. long. Apex 
pointed. Mesophyll consisting of a single- 
layered palisade and round collecting cells. 

Leaves amphistomatic. On one, probably 
the upper, surface the stomata seem to form 
two small bands each along the margin and 
below the apical half of the median line. The 
bands either forked into two distinct groups or 
joined in the middle and converging at the 
apex. The stomata are irregularly arranged 
varying in their orientation from vertical to 
transverse. On the other, probably the lower, 
surface beginning with the margin occur two 
groups of stomata, each along one of the 
margins. The stomata show the same orien- 
tation as on the opposite surface. Epidermal 
cells polygonal, 5-6-angled, thick and straight- 
walled. 

Wood picnoxylic. Medullary rays uni- 
seriate, 1-5 cells high. Bordered pits uni- 
seriate, free or contiguous. 

Description — A fragmentary shoot, about 
1-2 cm. long, consists of an oblique cross- 
section of the stem with two fragments of the 
branches in slightly oblique, vertical sections 
( Text-FIc. 81). From the vertical section 
of the shoot, the nature of the phyllotaxy is 
not clearly made out. The mesophyll is pre- 
served in some leaves. The anatomy of the 
stem is poorly preserved. Of the stomata 
only the thickenings of the guard cells are 
preserved. Their distribution and the orien- 
tation are clearly seen in Text-fig. 85. 

The transfusion tissue and the resin cells 
are not observed. 

Comparison — B. florini differs from the 
other species of Brachyphyllum chiefly in the 
distribution and the orientation of the sto- 
mata. In the irregular orientation of the 
stomata the specimen resembles Brachyphyl- 
lum expansum Var. indica Sahni (SAHNI, 
1928, PL. 23, Fics. 39-42) but differs in the 
distribution of stomata and in habit. Such 
a distribution of the stomata in the Brachy- 
phyllum leaves, to the best of the author’s 
knowledge, is not described so far. 
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TEXT-FIGS. 81-84 — Brachyphyllum florini sp. nov. 81, the specimen. x Ca. 10. 
nal section of stem showing bordered pits, x Cas 375. 


medullary rays. x Ca. 375. 


9. GENUS Pagiophyllum HEER 


Pagiophyllum araucaroides sp. nov. 
Pl. 12, Figs. 92-95; Text-fig. 86 


Diagnosis — Straight twigs, about 4-5 mm. 
wide. Leaves 4 x 1 mm., not very crowd- 
ed, decurrent, projecting at an angle of about 
50° from the concealed bases. Leaves lan- 
ceolate, curved upwards and inwards; apex 
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acute. Upper surface of leaf concave, lower 
convex, probably keeled. Margins entire. 
Leaf-base cushion rhomboidal, raised on stem. 


Each leaf traversed by a single median un- | 


branched vein accompanied by two patches 


of transfusion tissue, one on either side, and | 


a resin cell underlying it. Mesophyll loose, 

made up of palisade parenchyma. (ll 
Stomata 44:2 x 23-8 u, irregularly distri- ||! 

buted on the upper flank of a leaf, a few on || 


82, radial longitudi- | 
83, radial tangential section of stem showing ||! 
84, epidermal cells showing two stomata. x Ca. 375. 
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TExt-Fics. 85, 86 — 85, Brachyphyllum florini sp. 
nov. A part of shoot or leaves showing distribu- 
tion and orientation of stomata. X 75. 86, Pagio- 
phyllum avraucaroides sp. nov. Distribution and 
orientation of stomata on a leaf. X 35. 


the lower also. Subsidiary cells not pre- 
served. Orientation of the stomata vertical, 


oblique and transverse. Epidermal cells 
cubicular, polygonal, straight-walled. Tri- 
chomes and papillae absent. 

Comparison — The specimen (Pr. 12, 


Fic. 92), 1-4 x 0-5 cm., a single fragment of 
which is available, looks very much similar to 
the specimens of Nipanioruha but differs 
from the genus Nipanioruha in the absence 
of adaxial swelling — an important character 
of Nipanioruha shoots, and in possessing 
transversely orientated stomata. Super- 
ficially the specimen resembles P. insigne 
Kendall but differs in its epidermal char- 
acters. The specimen differs in habit and the 
epidermal characters from the Indian speci- 
mens of P. peregrinum (SAHNI, 1928 ) 


DISCUSSION 


The conifer remains now known from 
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These plant-remains represent only two 
families of conifers, the Podocarpaceae and 
the Araucariaceae, with a larger representa- 
tion of the podocarps than those of the 
araucarias. Although several undoubted 
records of the Araucarias from the Jurassic 
horizon of India and other countries are 
known, the kind of Jurassic podocarps des- 
cribed here have not been known so far. 
Further the fossil podocarps described here 
possess several characters common with 
those of modern representatives of the Podo- 
carpaceae so much so that these Jurassic 
podocarps may be looked upon as the im- 
mediate ancestors of modern Podocarps with- 
out any intermediate forms to have existed 
in the geological periods between the Recent 
and the Jurassic horizon. 

Besides small size of the pollen grains, 
nature and number of wings which are dis- 
tinctly podocarpinean, one of the species of 
Masculostrobus, M. podocarpoides sp. nov., 
seems to be very closely related to that of a 
modern Podocarpus. The occurrence of 
Podocarpus-like remains is further enhanced 
by the presence of Sztholeya in which a 
single inverted ovule is either like that of a 
Podocarpus or a Dacrydium. This shows that 
the habit of single-seeded strobilus had al- 
ready been attained in the Jurassic horizon. 
The seed-cones of Nipaniostrobus approach 
those of the loose megastrobili of some spe- 
cies of modern Podocarpus, viz. P. spicatus, 
and not those of Dacrydium as believed 
by Rao (1943) since, firstly, the genus Dacry- 
dium is devoid of compact seed-cones and, 
secondly, Dacrydium-like fossils are now dis- 
covered as described in this paper. So far 
the Rhaetic and the Jurassic fossils known 
as Stachyotaxus sp. (SEWARD 1919, pp. 406- 
407 ) were believed to be allied to Dacrydium, 
though in contrast to modern Dacrydium or 
podocarps on the whole, the cones of Stachyo- 
taxus bore two-seeded scales. In the light 
of undoubted Podocarpus or Dacrydium-like 
plant-remains as found in Sitholeya, the evi- 
dence of Stachyotaxus as being allied to 
Dacrydium, once believed to be the most 
promising, cannot be upheld any longer. 

Regarding the Eocene fossils, viz. Podo- 
carpites, Concocephalum ricthofeni Schenk, 
which were once believed to belong to Podo- 
carpus and Dacrydium according to Seward 
(1919, pp. 406, 407), are devoid of any sub- 
stantial ground for such comparisons. 

The compact seed-cones of Nipaniostrobus 
also remind one of mature seed-cones of 
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Microcachrys, though the seed-cones of the 
latter are comparatively much smaller than 
those of Nipaniostrobus. 

The seed-cones of Mehtaia possess remark- 
ably the essential characters of the seed-cones 
of Pherosphaera, a genus of limited distribu- 
tion in Tasmania and New South Wales about 
the fossil history of which nothing is known. 
The modern genus has only two species living 
today while there are three species of the 
genus Mehtaia in the Jurassic deposits at 
Nipania. 

The other podocarpinean plant-remains 
described here are Elatocladus sahnii and 
the genus Indophyllum. The cuticular evi- 
dence of the Brachyphyllum-Pagiophyllum-like 
shoots described under the name Indophyllum 
distinctly points towards Podocarpaceae. 
In I. nipanica two-winged pollen grains are 
also obtained in a fragmentary male cone. 
The correlation between some of the isolated 
cones and shoots is not known yet, but in 
general habit they seem to have been Micro- 
cachrys or Pherosphaera-like though differing 
in spiral arrangement of the leaves. 

The genus Nipanioruha along with its 
fructifications is another podocarp whose 
parallel in the living podocarps is not met 
with. 

The family Araucariaceae is represented 
by Brachyphyllum florini, Pagiophyllum arau- 
caroides and Araucarites nipaniensis. 

Origin and History of Podocarpaceae — 
Stiles ( 1912 ) expressed for the first time that 
the Araucarineae and the Podocarpineae are 
nearly related together. He opined ( STILEs, 
1912, p. 50) that Podocarpineae could not 
have evolved from the Cordaitales but from 
the Lycopods. In 1936 Hirmer, instituting 
a new family Cheirolepidaceae for some 
fossil conifers showing podocarpinean char- 
acters, postulated the origin of Podocarpaceae 
from the Sphenophyllales ( HiRMER, 1936, 
pp. 6-10) 

Florin (1951) has recently outlined the 
evolution of the conifer cone-scales. He has 
shown that there have been several lines of 
evolution in the female cones of the conifers. 
The line of evolution headed by lebachias 
( where the flower in the axil of a bract con- 
sists of several sterile scales and a single 
fertile one) is more or less continuously 
followed by Florin (1951) with the help of 
fossil record through the successive reduction 
and fusion of several sterile scales into the 
so-called ovuliferous scale of modern coni- 
fers. This line of evolution, as shown by 
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Florin, terminates in the members of the 
Taxodiaceae, Pinaceae and Araucariaceae. 

On account of possessing completely fertile 
flowers hitherto known, fossil fructifications 
of the Podocarpaceae ( Stachyotaxus and 
Palissya ) are believed by Florin to be more 
comparable to the Evnestiodendron type of 
the primitive conifers than to Lebachia 
( FLORIN, 1951, p. 348). Though Stachyo- 
taxus and Palissya are not directly related to 
the modern podocarps nor to the fossil 
seed-cones described here, they probably 
belong to the same trend of evolution as 
shown by the modern podocarps. This line 
of evolution has not been discussed by Florin 
(1951) for want of fossil material. 

The line of evolution headed by Ernestio- 
dendron, probably of the Late Carboniferous 
and the Early Permian, shows a big gap in 
the Middle and the Upper Permian periods. 
In the Upper Triassic, Lower and Middle 
Jurassic we see traces of this evolution in the 
Stachyotaxus and Palissya which probably 
represent the ramifications of the main line | 
of evolution from the Ernestiodendron-like | 
types. In the Upper Jurassic ( of Nipania ) | 
some of the final stages of these ramifications 
are met with in the seed-cones of Mehtaia, | 
which with a single bract-scale and a reduced 
single megasporophyll, probably represent 
the termination of the main line of evolution. 
In Mehtava several megasporophylls of the 
Ernestiodendron type are believed to be re- 
duced to a single erect ovule and the bifurca- 
tion of the single bract-scale has been lost 
since long in the geological periods. The 
characters of the seed-cones of Mehtaia are 
retained by modern Pherosphaera and Phyl- 
locladus, though in the latter an aril is also 
present. 


The line of evolution leading to the forma- 


tion of the seed-cones of Nipaniostrobus and 
Sitholeya vajmahalensis is not clear since, 
Nipaniostrobus, Sitholeya and Mehtaia are of 
the same age. | 

Though Saxegothaea is considered to be the 
most primitive in the family Podocarpaceae | 


(STILES, 1912, p. 494), yet the primitive | 


podocarpinean plant as visualized by Stiles 


bore seed-cones, in which each megasporophyll | 
bore in its axil a single erect ovule surrounded | 
by a single integument, a condition seen in | 
the seed-cones of Mehtaia, Pherosphaera and 
Phyllocladus. This is also supported by the | 
ontogeny of the seed-cones of Saxegoihaea | 
Further, | 


(NORÉN, 1908; Tison, 1909 ). 
from the intergeneric relationships of the 


| 


| 


and P. andinus ) 
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modern podocarps it seems that they all 
belonged to one main line of evolution with 
short ramifications terminating here and 
there. 

The common ancestor of the podocarps 
was not very much different from the seed- 
cones of Mehtaia from which one line of 
evolution gave rise to the seed-cones of 
Mehtaia and later to those of Pherosphaera 
and Phyllocladus. A branch from this line 
of evolution, somewhere in the pre-Jurassic 


times, developed into a condition which is 


noted in the seed-cones of Nipaniostrobus 
and later in the seed-cones of Microcachrys, 


Saxegothaea and some species of Dacrydium 


(D. franklini) and Podocarpus (P. spicatus 
A secondary branch from 


this, again in the pre-Jurassic times, further 


evolved probably according to the scheme 


suggested by Wilde in 1944 into the single- 
seeded fructifications of Sztholeya and later 
into those of Podocarpus and Dacrydium. 


The Interpretation of the Epimatium — The 


exact morphological nature of the epimatium 


is still debatable. 


Amongst the fossil podo- 
carps epimatium is absent in Mehtaia but is 


present in the genera Nipaniostrobus and 


probably also in Sztholeya. 


The epimatium 
receives vascular supply in Nipaniostrobus 


but nothing about it is known in Sitholeya. 
In living podocarps epimatium is absent in 
two genera Pherosphaera and Phyllocladus 
and in the young cones of Saxegothaea and 


Microcachrys. Further, in modern podocarps 


-epimatium is not known to receive any vas- 


cular supply except in Podocarpus spicatus 
and Dacrydium bidiwillit (FLoriN, 1951, 


p. 367), although in these two cases it is 
so intimately fused with the integument 


that it is impossible to demarcate between 
the boundaries of epimatium and the in- 
tegument. 

In the light of evolution of podocarps out- 
lined above it becomes clear that the common 
ancestors of podocarps which were not dif- 
ferent from the seed-cones of Mehtara had no 
epimatium in their seed-scale complexes. 
The ernestiodendrons and the walchias from 
which they had evolved had no sterile scales. 
On the other hand, the sterile scales in the 
line of evolution headed by lebachias were 
evolved into the ovuliferous scale of modern 
conifers. The epimatium thus appears to be 
an organ dé nov6. It is considered homologous 
with the ovuliferous scales of other conifers 
as believed by some workers ( FLORIN, 1951, 
pp. 364, 365). The ontogeny of Saxegothaea 
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seed-cones (in which epimatium is absent in 
the young cones when the ovules are erect, 
but appears on recurvation and change of 
position of the ovules on the scale; see TIson, 
1909, p. 143), shows that the epimatium 
appears very late in the evolution of the 
podocarps. It probably arose in those geo- 
logical times when the erect ovules in the 
ancestor were trying to adopt recurvation, 
a character which later became persistent in 
the majority of the podocarps. 

The epimatium of the podocarps is either 
derived from the stalk of the megasporophyll 
or from the bract or from both and is not 
in any way derivable from the sterile part 
of the flower which was not present in the 
ancestral condition. 

The walchias, ernestiodendrons and leba- 
chias are believed to have evolved from the 
Cordaitales, in the female flowers of which 
the sterile scales were present. Even in 
some of the walchias, viz. Walchiostrobus 
(ORIN, 1951, p: 3340 NIG. SAS 110) 11015 
sterile scales are known to be present. Fur- 
ther, the lebachias are believed to be more 
primitive than the walchias and ernestioden- 
drons. It thus shows that in the remote 
ancestors from which the lines of evolution 
headed by ernestiodendrons came off possess- 
ed the sterile scales in the seed-scale com- 
plexes which were lost in the Ernestiodendron 
and walchias. This character remained lost 
even when the evolution had reached the 
Mesozoic Mehtaia-like ancestors. This lost 
character reappeared in the form of epi- 
matium probably in the early Mesozoic and 
is seen in the Sitholeya, Nipaniostrobus and 
several of the modern podocarps ( Arber’s 
Law of Loss ). 

Remarks on the Fossil History of Indian 
Conifers — Writing about the fossil history 
of conifers in India Professor Sahni in 1931 
remarked that by about the Tertiary times 
the group had become practically extinct. 
Recent work on the fossil woods belonging 
to the post-Jurassic horizons in India has 
greatly advanced our knowledge hitherto 
confined to a probably Cretaceous doubtful 
Dadoxylon sp. and an indeterminable conifer 
wood ( SAHNI, 1931, 9. 76) and to a Tertiary 
wood Mesembrioxylon schinidianum (SAHNI, 
1931, 9. 54). The recent report of the occur- 
rence of two species of Mesembrioxylon, M. 
trichinopoliense Varma and M. sarmai Varma 
(Varma, 1954), in the Cretaceous rocks of 
Trichinopoly and four species in the Tertiary 
deposits at Tiruvakkarai, Tirumangalam and 
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Pondicherry, viz. M. sahnii, M. triuvakkaria- 
num ( RAMANUJAM, 1953 ), M. tirumangalense 
( SURYANARAYANA, 1953) and M. speciosum 
( RAMANUJAM, 1954), and several species of 
Dadoxylon described by Shukla ( 1938, 1944 ) 
and Chitaley ( 1949a, 1949b ) from the Deccan 
Intertrappean series coupled with a recent 
discovery of a silicified seed-cone different 
from the hitherto known Tertiary megastro- 
bili from India ( UrTam PRAKASH, 1956), 
shows that the abundant conifer vegetation 
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EXPLANATION OF PLATES 


PLATE 1 
Masculostrobus podocarpoides sp. nov. 


1. Type specimen. x 12. 
2. Another cone. X 6. 
3. Masculostrobus sp. A pollen grain. x 480. 


Nipaniostrobus sahnii Rao emend. 


4-6, 8. Compact seed-cones. X 8. 

7. A loose seed-cone. X 8. 

9. Distribution and orientation of stomata from 
a loose cone. x 150. 


PrATRe? 
Nipaniostrobus sahnii Rao emend. 


10. Cross-section of a seed-cone. X 9. 

11. Cross-section of cone-axis showing resin cells 
(r) and vascular supply ( Vas. b.) to a seed-scale 
complex. x 27. 

12. Stony layer in surface view. x 155. 

13. Vertical section of a part of integument, 
showing the outermost layer (of. /.), outer layer 
( o.1.), middle layer (m.l.) and inner layer (...). 
x 600. 

14. Cross-section of a part of integument showing 
three distinct layers as in Fig. 12. x 600. 


PLATE 3 
Nipaniostrobus pagiophylloides sp. nov. 


15. Type specimen. ० = cone. X 3:5. 
16. Top portion of above enlarged showing the 
seed-cone (०). x 6. 


Nipaniostrobus aciculifolia sp. nov. 


17. Type specimen. c=cone. x 2. 

18. Another shoot (sterile). X 3. 

19. A section of shoot in Fig. 17. X7. 

20. Distribution and orientation of stomata and 
epidermal cells on a leaf. x 100. 

21. A part of above enlarged to show the stomatal 


apparatuses. x 250. 


PLATE 4 
Mehtaia vajmahalensis gen. et Sp. nov. 


22. A megastrobilus lying in close proximity with 
22shoot. 0, 

23. Megastrobilus from above enlarged. x 12. 

24. Another megastrobilus. X 12. 

25. Proximal region of seed-cone in Fig. 23 
showing leaves on the peduncle. x 25. 
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26. À part of shoot with a leaf shown in Fig. 22 
enlarged. X 25. 


PLATE 5 
Mehtaia vajmahalensis sp. nov. 


27. Stony layer in surface view. x 200. 

28. A part of integument in vertical section. 
x 200. 

29. A part of vascular supply to a seed-scale 
complex. a= single vascular supply arising from a 
bundle of the cone-axis. 6, c—two branches of 
above vascular supply, ‘6b’ terminating at the base 
of the ovule and ‘c’ entering the bract- 
scaler >< 1100: 

30. A part of a seed showing the cross-section 
of the micropyle (m) bounded by palisade tissue 
and the tissue of the outer layer of the integument 
in surface view. x 200. 


Mehtaia nipaniensis sp. nov. 


31. Type specimen. x 11. 

32, 33. Seed-scale complex. x 26. 

The seed in Fig. 33 shows a twinning embryo 
(e), nucellus (#) and pollen grains (2.2.) and a 
marked micropyle (m). 


34, 35. Pollen grains from the ovule shown in 
Fig. 33. 


PLATE 6 
Mehtaia santalensis sp. nov. 


36, 37. The type specimen. x 2, x 6. 

38. A part of the shoot showing the leaves. x 20. 

39. Another shoot with a seed-cone lying in close 
proximity. x 3. 

40-42. Other fragmentary shoots. x 3. 

43. The cone enlarged from above. x 15. 


Sitholeya vajmahalensis sp. nov. 


44, 45. The type specimen. x 7, x 15. 

46. A part of the specimen showing the proximal 
region of the ovule, micropyle (a) and the fertile 
bract (b). 


IP NiO 9 
Nipanioruha granthia Rao emend. 


47. A sterile shoot. x 3. 

48. Showing the distribution and orientation on a 
part of a leaf. x 100. 

49, 50. Fragmentary male cone bearing shoots. 
Se RD SCG, 

51. An oblique vertical section of the male cone 
in shoot shown in Fig. 50. x 100. 

52. A cross-section of a cone from a slice of 
chert. x 45. 

53, 54. Another male cone apical portion of which 
is seen in Fig. 54: the cone is surrounded by leaves 
at its base. x 20. 


PLATE 8 
Nipanioruha granthia Rao emend. 


55. A seed-cone. x 11. 

56. A part of the cone showing the seed-scales. 
a’ a bract-scale with lobed lower margin. x 18. 
57. The proximal region of the cone showing the 
presence of a needle-like leaf on the peduncle. x 18. 
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Nipanioruha lanceolata sp. nov. | 


58-60. Sterile fragmentary shoots. x 3, x 9.1 
61. The epidermal cells. x 70. ; | 
62, 63. The distribution and orientation of the 


stomata. X 140. | 


Nipanioruha curvifolia sp. nov. 


64, 65. Sterile fragmentary shoots. X 3. 


66. A part of shoot in Fig. 65 enlarged. x 9. 
67. Leaves in cross-section from above 
9: | 
PLATE 9 
Indophyllum sahnii sp. nov. 
68. The type specimen. x 3. 


69. A part of above enlarged. x 12. 

70. Showing the distribution of stomata on a 
part of a leaf. x 230. | 

71. Two stomatal apparatuses shown enlarged. 
x 740. 

72. The epidermal remains 
mentary shoot. x 35. 

73. Distribution and orientation of stomata on a 
leaf from above. x 70. 


of another frag- 


PLATE 10 
Indophyllum vaoi sp. nov. 


74. Type specimen. x 3. 

75. A part of above enlarged. x 12. 

76. Distribution and orientation of stomata o 
a leaf. x 70. 


Indophyllum nipanica sp. nov. 


26 Wee Sons, 32 Be 
79. A part of shoot in Fig. 78 enlarged. x 12. 


PLATE 11 
Indophyllum nipanica sp. nov. 


80. Another shoot attached with a stem not 
shown in the figure. x 7. 

81. A part of vertical longitudinal section of 
tracheids showing the pitting. x 250. 

82. A part of vertical tangential section of 
tracheids showing medullary rays. x 100. 

83. A part of vertical longitudinal section of 
tracheids showing spirals. x 400. 

84. A part of fragmentary male shoot. x 25. 

85. Pollen from above. x 250. 

86. Another fertile shoot. x 7. 

87. The fructification from above shown en- 
larged. x 28. 


ERSTE) 


Elatocladus sahnii sp. nov. 


88. 
89. 
90. 
91. 


Type specimen. x 3. 

The same enlarged. x 7. 
Epidermal cells. x 350. 

Two stomatal apparatuses. x 350. 


Pagiophyllum araucaroides sp. nov. 


92. Type specimen. x 7. | 

93. A part of vertical section of a leaf showing | 
the transfusion tissue and mesophyll. x 100. | 

94. A few stomata on a leaf. x 200. 

95. A few epidermal cells on a leaf. x 200. 
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III EOCCHRRENCHIOBRZCHCADOPTERISZIENO. IN THE 
MESOZOICZEROCKSOLZINDIA 


M. N. BOSE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A fragmentary frond of Cycadopteris sp. is re- 
ported here for the first time in India. The upper 
cuticle of the leaf is also described. 


INTRODUCTION 


MONG numerous carbonized specimens 
AN collected in March 1957 from Bansa, 

South Rewa Gondwana basin, Madhya 
Pradesh, I got a small fragmentary specimen 
(Pr. 1, Fic. 1) which in its external appear- 
ance showed a marked resemblance to some 
of the species of Thinnfeldia Ett. and Dicroi- 
dium Gothan. After the specimen was 
photographed,a portion of a pinna was kept 
for maceration in a mixture of HNO, + 
KCIO,. When the maceration was com- 
plete, the upper and lower sides of the pinna 
were separated. After the two sides were 
detached from each other, I found the upper 
side to be much bigger in size than the lower. 
So I repeated the maceration with an almost 
entire pinna. Here, too, I observed the same 
thing. Then I finally made a transfer of the 
whole frond on a glass slide following 
Walton’s (1923) transfer method. When 
the lower side of the leaf was exposed, I 
found the margins of all the pinnae turned 
inside. It was then clear to me that what I 
had thought to be the upper and lower sides 
in the two previous macerations were 
actually the pinnae with their turned-in 
margins. Once the transfer of the whole 
frond was ready, I made an attempt to sepa- 
rate the real upper and lower sides. The 
cuticle preparation showed very fine cells of 
the upper surface like Cycadopteris, and also 
clearly showed a turned-under margin. Both 
these points agree well with Cycadopterts. 
The under cuticle was rather difficult to get. 
I could only get little obscure wisps which 
showed some objects that could well be 
Cycadopteris stomata, but there is no con- 
vincing evidence of their being really so. 
There were also fairly numerous indistinct 
objects that looked like the large finger-like 
papillae, but again I am not sure whether 
that is what they are. Due to the imperfect 


preservation of the leaf and the lack of knowl- 
edge regarding its stomata, I have here 
refrained from giving any specific name. 


DESCRIPTION 
Cycadopteris sp. 
Pl. 1; Text-fig. 1 


Leaf incomplete both at the base and apex, 
available length 3-2 cm., broadest region 
1-5 cm. Lamina pinnate, very thick and 


the 


showing 
Torn margins 


TEXT-FIG. 1 — Cycadopteris SP. 
turned-under margin, No. 28692. 
shown by broken lines. X 4. 
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leathery. Rachis slender. Pinnae closely set 
or slightly overlapping, obovate; apex round- 
ed; base truncate; margin revolute, turned- 
in margin about 1 mm. wide. Only the 
median vein visible in some of the pinnae, 
never reaching the apex. 

Cuticle thick, upper and lower sides firmly 
attached. Epidermal cells of the upper side 
polygonal, oval or circular; iateral- and end- 
walls very thick and straight; surface-wall 
thin and smooth, mostly with a median slit 
or sometimes centre region not preserved. 
Cells of the lower side not clearly seen. 

Locality — Bansa, about 6 miles south- 
west of Chandia, Madhya Pradesh. 

Horizon — Jabalpur Series, South Rewa 
Gondwana basin. 

Collection — Specimen No. 28692 of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


COMPARISON AND DISCUSSION 


The above specimen gives very little in- 
formation regarding its shape and cuticular 
structure. We do not even know whether 
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it is a portion of a simply pinnate or bipin- 
nate leaf. Therefore, it is not possible to 
compare our specimen fully with the already 
known species of Cycadopteris. | 

The present specimen comes nearest 
C. anglica Gothan (1914) and C. zeilleri Antevs: 
(1915) in having pinnae with only turned-| 
under margin. C. anglica, however, differs : 
from our specimen in having mostly poly-! 
gonal epidermal cells and also the lateral-. 
and end-walls of its cells being not so thick. 
as in C. sp. C. zeilleri has larger apical ७10 | 
lateral pinnules. Both C. brauniana Zigno! 
described by Hirmer ( 1924) and C. jurensis, 
Schimper described by Salfeld (1907) and! 
Hirmer (1924) have not only a turned- 
under margin, but also a turned-under flange 
over the midrib at least, and often over the. 
first secondary veins also. This flange is 
absent in our material. | 
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EXPLANATION OF PLATE 1 


1. Cycadopteris sp., No. 28692. x 1. 
2. The above specimen as seen from the lower side 
after the transfer preparation. ele 
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3. The specimen in figure 2, magnified. x 2. 
4. Upper epidermal cells, slide No. 28692/6. 
x 200. 
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should be indicated by the words “ natural size” in the legend. As far as possible the 
. photomicrographs or drawings of spores and pollen grains should be made to the same scale. 
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width of a single printed page. Columns in the table should be indicated clearly, if 
necessary, by means of ruled pencil lines. The approximate position of each table should 
_be indicated in thé; text: 
_ Scientific Names — Both generic and specific names should be underlined in the type- 
script to indicate italics. Names of orders, classes and families are not to be underlined. 
Proof — Authors will be sent one galley proof which they are requested to return 

"promptly. Authors may be billed at cost for too many alterations in proofs other than 
corrections of printer’s errors. 

Reprints — Authors will receive 25 copies of the reprints gratis. Additional reprints 
- will be furnished at cost. Reprint order should be sent with the corrected galley proof. 
; Name and Address — The name and address of the author should be given at the 
beginning of the manuscript. Change of address should be communicated to the Secretary 
of the Editorial Committee immediately. 


